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MODEL 60 


CAPACITY: 350 TONS 


PHOTO COURTESY NORTH AMERICAN AVIATION INC COLUMBUS DIVISION 


World's Largest Stretch-Wrap Forming Machine 


Goes to work for North American Aviation Inc., Columbus, Ohio 


The Model 60 is Hufford’s largest stretch-wrap 
forming machine to date, exceeding the capacity of 
all existing stretch-wrap forming machines in the 
world today. 

With its 703,720 pounds of “pull” it is now form- 
ing stabilizer fairings, panels and fuselage skin parts 
for the new FJ-2 FURY. New dies will utilize its 
huge capacity on sheets measuring 6 feet wide by 


Huttord 


31% feet long. Its tremendous strength enables form- 
ation of sheet thicknesses as great as 4 inch! 


The Model 60 opens another chapter in stretch- 
wrap forming history, almost doubling the capacity 
of the largest Hufford press heretofore built. It is 
Hufford’s answer to unusual requirements of the 
present in preparation for the commonplace of the 
future! 
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Cover—This F9F-6 Cougar, Grumman Aircraft 
Engineering Corporation's swept-wing successor 
to the F9F-5 Panther, is powered by a Pratt & 
Whitney turbojet engine. Its armament is com- 
parable with that of other Navy jet fighters. 
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TESTING PROGRAM 


INSTRUMENTS 
AND CONTROLS 


For the past thirty-five years, the engineers of 
Hagan Corporation have designed and placed in 
operation systems of automatic control and in- 
strumentation to fulfill the requirements of 
thousands of projects. These have ranged from 
simple pressure controls to the complex systems 
of controls and instruments required for the 
largest aeronautical testing facilities. 

As a result of such long experience and aug- 
mented by an extensive research and develop- 
ment program, the engineers of Hagan’s Aero- 
nautical and Special Products Division are able 
to choose exactly the type of equipment best 
suited to the particular problem. They can use 
pneumatic, hydraulic or electronic components, 
singly or in combination. Hagan recording, in- 


dicating and integrating instruments, pneumatic 
or electric signal transmitters, and a complete 
series of Hagan Control devices are available 
for combining into systems which will achieve 
the desired results. 

Our clients include the leading aeronautical 
testing facilities of numerous governmental 
agencies, company research laboratories, United 
States Air Force testing facilities, metallurgical 
and process industries and prominent aeronauti- 
cal and automotive manufacturers. 

We will welcome the opportunity to demon- 
strate how Hagan engineers can render valu- 
able assistance in implementing your program 
of modernizing or extending your testing pro- 
gram facilities. 
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1.A.S. News Notes 


October 1953 


WORLD AIR PIONEERS HONORED 


International aviation pioneersare being honored at a dinner in Washington, 
D.C., on October 12, sponsored by the National Aeronautic Association as 
part of the 50th year of flight celebration. Lieutenant General James H. 
Doolittle, Chairman of the National Committee to Observe the 50th Anniver- 
sary of Powered Flight, is toastmaster, with Admiral Richard E. Byrd 
presiding. One of the speakers is C. Kolff, of the Netherlands, President 
of the Federation Aeronautique Internationale, which is celebrating its 48th 
anniversary on this occasion. 


Arrangements have been made by a committee composed of Admiral Byrd 
as Chairman; Dr. John F. Victory, Executive Secretary, NACA,and NAA 
Director; Grover Loening, Aeronautical Consultant; and Major Lester D. 
Gardner, IAS Founder. Walter T. Bonney, Assistant to the Executive Sec- 
retary, NACA, is acting as Program Coordinator. 
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NEW IAS CORPORATE MEMBER 


Air Associates, Inc., Teterboro Air Terminal, Teterboro, New Jersey 


NECROLOGY 


Captain Phillip M. Clinton, USAF, Student Officer, Graduate Aeronautical 


Engineering, Air Force Institute of Technology, Wright-Patterson AFB, 
Ohio, on July 6. 


John C. Marsh, Factory Superintendent, Eastern Rotorcraft Corporation, 
on July 3l. 


Rudolph D. Van Dyke, Jr. , Aeronautical Research Pilot, Ames Aeronautical 
Laboratory, NACA, in June. 


Charles Wilbur Weaver, Jr., Junior Stress Engineer, Prewitt AircraftCo., 
on May 22. 
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NATIONAL MEETINGS CALENDAR 


Dec. 17 Seventeenth Wright Brothers Lecture, U. S. Chamber of Com- 


merce Building Auditorium, Washington, D. C. Glenn 
_L. Martin, Lecturer. 


Jan. 25-29 Twenty-Second Annual Meeting and Honors Night Dinner, Hotel 
Astor, New York. 
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1.A.S. News Notes (con’t.) 


CALENDAR OF SECTION MEETINGS 


Oct. 1--San Diego Section: IAS Building. Technical Meeting, 7:30 p.m. 
"Variable Area Exit Nozzles'' by J. S. Winter and R. G. Laucher, 
Marquardt Aircraft Company. 

Oct. 3--Texas Section: Field trip to Ordnance Aerophysics Laboratory, 
Daingerfield, Texas. 

Oct. 7--Chicago Section: American Airlines, Inc., Midway Airport. Meet- 
ing, 7:00 p.m. Tour of facilities, including stewardess school. 

Oct. 12--Washington Section: Museum of Natural History Auditorium. Meet- 
ing, 8:00 p.m. "Impressions of the SBAC Showand the Joint RAeS- 
IAS Meeting'' by Dr. Hugh L. Dryden, Director, NACA, and Rear 
Adm. L. B. Richardson, USN (Ret.), Senior Vice President, Gen- 
eral Dynamics Corp. Rear Adm. C. M. Bolster, USN, Chief of 
Naval Research, presiding. 

Oct. 15--Los Angeles Section: IAS Building. Social hour, 5:30p.m. ;Dinner, 
6:30 p.m.; Meeting, 8:00 p.m. ''Design Philosophy for Aircraft 
Control" with panel discussion by C. Stark Draper, Massachusetts 
Institute of Technology; Ben O. Howard, Aviation Consultant; A. L. 
Klein, Douglas Aircraft Company, Inc.; John R. Moore, North 
American Aviation, Inc.; Simon Ramo, Hughes Aircraft Company; 
and J. B. Rea, J. B. ReaCompany. Introduction of panel members 
by Harold Luskin, Douglas Aircraft Company, Inc. 

Oct. 15--Twin Cities Section: American Legion Club. Social, 6:30 p.m.; 
Dinner, 6:45 p.m. Speaker, Carl J. Wenzinger, Arnold Engineer - 
ing Development Center. 

Oct. 22--San Francisco Section: Ramor Oaks, Atherton, Calif. Meeting, 
8:00 p.m. 'Supersonic Aircraft Design"' by Harold Luskin, Asst. 
Supervisor of Aerodynamics for Research, Santa Monica Plant, 
Douglas Aircraft Co., Inc. 

Oct.22--Texas Section: Location, time, and panel not knownat press time. 
Joint meeting with SAE. Subject: The Farnborough Air Show. 

Oct. 29--San Diego Section: IAS Building. Technical Meeting, 7:30 p.m. 
"Systems Analysis'' by Adolph Burstein, Consolidated Vultee Air- 
craft Corporation. 

Nov. 3--Washington Section: Museum of Natural History Auditorium. Time, 
subject, and speaker not known at press time. 

Nov. 12--San Diego Section: IAS Building. Technical meeting, 7:30 p.m. 
"Ceramic Coatings" by Mr. Long, Solar Aircraft Company. 

Nov. 19--Los Angeles Section: IAS Building. Socialhour, 5:30p.m.; Dinner, 
6:30 p.m.; Meeting, 8:00 p.m. Annual business meeting with in- 
stallation of officers. Speaker and subjectnot knownat press time. 
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IAS News 


A Record of People and Euents 
of Interest ta Institute Members 


Pioneer Manufacturer to 
Present 1953 Wright 
Brothers Lecture 


Lecture to Be One of the Final Events in Celebration of the 
Fiftieth Anniversary of Powered Flight 


SEVENTEENTH WRIGHT 


BROTHERS 


LECTURE will be delivered at 


the U.S. Chamber of Commerce Building Auditorium in Washington, D.C., 
on December 17, 50 years to the dav since the Wright Brothers made their 


famous flight. The lecturer will be 
Glenn L. Martin, a Director of The 
Glenn L. Martin Company. Mr. 
Martin is an IAS Honorary Fellow, 
Founder Member, Past-President, and 
Benefactor; and a Fellow of the Royal 
Aeronautical Society. Dr. Jerome C. 
Hunsaker, HFIAS, Professor Emeritus 
of Aeronautical Engineering, Massa- 
chusetts Institute of Technology, will 
serve as the Lecture Chairman. 

Mr. Martin’s paper will be concerned 
with the beginnings of today’s aeronau- 
tical industry; the pioneers who demon- 
strated their faith in the future of the 
“newfangled flying machine’ by devot- 
ing their lives to aeronautical develop 
ment; the uses and trends of today’s 
industry; and a prognostication of the 
future of aviation. 

Mr. Martin has been actively engaged 
in aviation during the past 46 years. 
It was in 1907 that he built his first 
glider and in it soared from the hills 
near his home in Santa Ana, Calif. 
The next year, he rented an abandoned 
church building in Santa Ana and, with 
the help of his mother, the late Minta 
Martin, constructed a biplane of his 
own design which was powered by a 
30-hp. Eldridge motor. Completed in 
1909, it made its first flight in the area 
of Santa Ana on August 1 of that year 
with Mr. Martin at the controls. 

He had taught himself to fly, and, 
beginning in 1909 and continuing until 
the Jatter part of World War I, he 


gave flying exhibitions in the United 
States and Canada. On August 9, 
1911, he qualified for Fédération Aéro- 
nautique Internationale (F.A.I.) Avia- 
tors Certificate No. 56, and, the follow- 
ing year, he received the Aero Club of 
America’s Expert Aviators Certificate 
No.2. In 1912, he flew a seaplane of his 
own design from Newport Bay, Calif. 
(near Los Angeles) to Catalina Island 
and back. He was the first pilot to 
deliver mail and newspapers by plane 
and the first to drop a baseball into a 
catcher’s mitt by plane. Some of his 
other aeria] stunts included tossing a 
bouquet into the lap of a May Queen, 
bombing a sham fort, hunting coyotes, 
tracking escaped convicts, and picking 
up a passenger from a boat. 

At about the time he made his first 
power-driven airplane flight in 1909, he 
sold his automobile business to devote 
his ful] time to aircraft manufacturing. 
That same year, he established one of 
the first airplane factories in the United 
States and 2 years later incorporated it 
as The Glenn L. Martin Company. In 
1912, he moved the factory from Santa 
Ana to Los Angeles where for the next 
year he built planes for exhibition and 
sports flying. In 1913, he received his 
first order from the U.S. Army; _ this 
was for Model TT, later adopted by that 
service for training purposes. For the 
next 4 years, he produced several new 
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Martin. 


models for the U.S. Army and 24 air- 
planes for other countries. 

In 1917, when this country entered 
World War I, the Martin company 
merged with the Wright Company, 
forming the Wright-Martin Corpora- 
tion, of New York. Later that same 
year, Mr. Martin withdrew from that 
corporation and organized The Glenn L. 
Martin Company, of Cleveland. In 
January, 1918, he was authorized by 
the Government to build a few models. 
The first one, a Martin biplane bomber 
powered by two 400-hp. Liberty motors, 
came off the assembly line about 6 
months later. The company was able 
to weather the postwar slump in air- 
craft production requirements and by 
1929 had outgrown its Cleveland facili- 
ties. At that time, the entire business 
was moved to its present location in 
Middle River, Md., 12 miles from Balti- 
more. 

Between 1929 and the beginning of 
rearmament for World War II, the Mar- 
tin company turned out such aircraft 
as the B-10 twin-engined monoplane 
bomber and flying boats for transoceanic 
passenger service. During World War 
II, the company built the B-26 Marauder, 
PBM, Mars, Model 167 Maryland, and 
Model 187 Baltimore. At present, it is 
producing the P5M-1, B-57A, B-61 
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Matador, Viking rocket, electronic sys- 
tems, and weapons systems. 

A native of Macksburg, Iowa, Mr. 
Martin attended Kansas Wesleyan Uni- 
versity, which in 1933 conferred upon 
him an honorary Doctor of Science de- 
gree. He received similar degrees from 
Brown University in 1941, from the 
University of Omaha in 1945, and from 
the University of Southern California 
in 1949. Honorary Doctor of Engineer- 
ing degrees were granted to him by the 
University of Maryland in 1929 and Case 
School of Applied Science in 1945. He 
has been the recipient of numerous 
awards, among them being the Robert J. 
Collier Award for 1932, the Daniel 
Guggenheim Medal for 1940, and the 
French Legion of Honor in 1949. In 
1931, Mr. Martin delivered the Royal 
Aeronautical Society’s Wilbur Wright 
Memorial Lecture entitled ‘The De- 
velopment of Aircraft Manufacture.” 


Cooper Precision Products Joins 


Cooper Precision Products, manu- 
facturers of aircraft bolts and special 
cold-headed products, has become a 
Corporate Member of the Institute of 
the Aeronautical Sciences. This com- 
pany is located at 5625 W. Century 
Blvd., Los Angeles 45. 

Cooper Precision Products is an out 
growth of the old San Francisco firm of 
Cooper Screw Manufacturing Company, 
which in 1940 opened a branch plant in 
Los Angeles for the production of 
threaded fasteners. In 1946, 14 years 
after that company’s initial organiza- 
tion by Harry S. Cooper and his two 
nephews, Irving and Jack Cooper, 
Cooper Screw Manufacturing Company 
was sold, and the senior Mr. Cooper 
retired from business for reasons of 
health. 

In 1948, at the instigation of his 
friend and coworker in aircraft fasteners, 
Col. Howard M. (Cappy) Rix, Harry 
Cooper came out of retirement. With 
the assistance of Colonel Rix, Irving 
Cooper, and Jack Cooper, he organized 
Cooper Precision Products. The facili- 
ties of this new firm have been expanded 
since that time. As of July 1, 1953, 
Cooper Precision Products became a 
wholly owned subsidiary of Standard 
Pressed Steel Company. 

The present officers of Cooper Pr 
cision Products are: President, Harry 
S. Cooper; Vice-President and General 
Manager, Col. H. M. Rix; Treasurer, 
Jack Cooper; Secretary, Irving Cooper; 
and Assistant Secretary-Treasurer, Shir- 
ley Jacoby. Miss Jacoby, one of the 
original management personnel of 
Cooper Precision Products, had served 
Harry Cooper for more than 10 years 
in the old firm. 


AERONAUTICAL 


ENGINEERING REVIEW 


Flight Safety Course Organized 


What is believed to be the first at- 
tempt to organize an accident preven- 
tion training course at a major civilian 
university was recently undertaken by 
the University of Southern California 
under contract to the U.S. Air Force. 
This training program, which is of a 6- 
week duration, is designed for USAF 
Flying Safety Officers. 

The curriculum includes 72 hours of 
classroom instruction on the basic 
principles of aeronautical engineering, 
140 hours of classroom instruction on 
other pertinent subjects, 6 hours of 
laboratory work, and 7 hours of field 
trips to aircraft manufacturers and test 
laboratories. 

The subjects covered during the 72 
hours of aeronautical engineering in 
struction are: aerodynamics, stability 
and control, strength of materials, air- 
craft loadings, aircraft structures, aero- 
elasticity, and flutter and vibration. 
The 140 hours of other instruction con 
siders the fields of aircraft accident in- 
vestigation, accident prevention, avia- 
tion physiology, aviation psychology, 
and educational principles and methods, 
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U.S.C. proposes to train 320 Flyin 
Safety Officers at 6-week intervals du 
ing the next 3 vears. 


RAeS President-Elect 


Sir Sidney Camm, FRAeS, Director 
and Chief Designer of Hawker Aircraft 
Limited, England, has been choser 
President-Elect of the Royal Aero 
nautical Society. Sir Sidney, who is a1 
RAeS Vice-President for 1953-1954 
will be installed as the RAeS President 
at the Society’s Annual General Meeting 
scheduled for May 6, 1954. 

Sir Sidney began his aeronautical 
career in 1914. Nine vears later, he 
joined the Hawker organization and in 
1925 was appointed Chief Engineer. 
In this capacity, he has been responsible 
for the design of such aircraft as the 
Hart, Fury, Nimrod, Osprey, Hind, 
Henley, Hurricane, Typhoon, Tempest 
Sea Fury, Sea Hawk, and Hunter. He 
was elected to Hawker’s Board of Direc 
tors in 1945. 

In 1949, Sir Sidney was awarded the 
British Gold Medal for Aeronautics 
He received his Knighthood in the recent 
Coronation Honours List. 


News of Members 


p> Lawrence D. Bell (AM), President 
and General Manager, Bell Aircraft 
Corporation, was recently named the 
representative of the aircraft industry 
on the Industries Advisory Com 
mittee of The Advertising Council. 

p> Franklin A. Dobson (AF), Design 


Specialist, North American Aviation, 


Daniel O. Dommasch, AFIAS, became 
Associate Professor of Aeronautical Engi- 
neering at Princeton University on September 
1. Consulting and research activities are 
concerned with this appointment. Professor 
Dommasch was formerly Chief Engineer of 
the Test Pilot Training Division, Naval Air 
Test Center, NAS, Patuxent River, Md. 


Inc., is heading a group of California 
engineers who are developing as a 
private project a delta-wing converti 
plane. The prototype, scheduled for 
flight testing sometime this vear, is 
expected to have a maximum speed in 
level flight of 172 m.p.h. and a maxi 
mum climb of 1,950 ft. per min. Mr 
Dobson has applied for the patents on 
the design. 


> Mrs. Gertrude Hill Fila (MM), who 
has been an Instructor in Mechanical 
Engineering at Oklahoma Agricultural 
and Mechanical College, was recently 
awarded the Amelia Earhart Scholar- 
ship for 1953 by Zonta International, 
an organization of executive women. 
This $1,200 scholarship honors the 
memory of Amelia Earhart, aviatrix 
and a member of Zonta, and is given 
annually for graduate study in aero- 
nautical engineering. As its recipient, 
Mrs. Fila is now working toward a 
Ph.D. degree in aeronautical engineer- 
ing at the University of Texas. 

p» C. Towner French (AM), Director 
of Military Sales, Fairchild Camera 
and Instrument Corporation, was re 
cently elected to the Council of the 
Institute of Navigation for 1955- 
1954. 

> Geraid Graziani (TM), who was 
graduated last June from California 
Institute of Technology with a Master 


(Continued on page 76) 
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IAS NEWS 


M. N. Pack 


Mendel Nathan Pack, AFIAS, for- 
mer aeronautical engineer, was killed 
on June 13 when the Beech Bonanza 
that he was piloting crashed about 10 
miles southeast of Millville, N.J., during 
a local thunderstorm. 


Mr. Pack, who was born in New 
York City on August 22, 1907, received 
his B.S. degree in Mechanical Engineer- 
ing from New York University in 1928. 
He took graduate work at Massachu- 
setts Institute of Technology and was 
graduated from there in 1931 with an 
M.S. degree in Aeronautical Engineer- 
ing. 


Between 1928 and 1938—except for 
the time spent at M.I.T.—Mr. Pack 
was an Assistant Engineer with the 
U.S. Army Air Corps, Wright Field, 
Ohio. He joined the St. Louis Airplane 
Division of Curtiss-Wright Corporation 
in 1938 and served there as Head of the 
Structures Department. At the time 
of his death, he was Vice-President of 
Rodney Feed Company, Millsboro, 
Del. 


Mr. Pack was active in the Civil 
Air Patrol, holding the rank of 
Major. 


Carl J. Stubau 


Carl John Stubau, MIAS, a Mechani- 
cal Engineer working independently, 
died on June 14 at the age of 33. 


Mr. Stubau, who was born in Cleve- 
land, Ohio, attended high school in Cleve- 
land Heights. In 1939, he matricu- 
lated at the Case School of Applied 
Science and was graduated in 1942 with 
a B.S. degree in Mechanical Engineer- 
ing. Immediately thereafter, he began 
working at Case on a Master’s degree in 
fluids and aerodynamics. 


From May to November of 1942, he 
worked as a Research Engineer for 
Cleveland Automatic Machine Com- 
pany. At the latter date, he became 
associated with the Pesco Products 
Division of Borg-Warner Corporation, 
first as a Test Engineer and later as a 
Project Engineer. In April of 1945, he 
left Pesco Products to become a De- 
velopment Engineer for The Weather- 
head Company, where he remained for 


Necrology 


approximately 2 years. At the end of 
that time, he rejoined Borg-Warner’s 
Pesco Products Division as Project 
Engineer. About 1949, he returned to 
the employ of The Weatherhead Com- 
pay for a short time. 


A private project of Mr. Stubau's 
was an experimental tandem-wing single- 
place aircraft. He began the first 
design work on this about 1947 and 
some time later started its actual con- 
struction. In a letter written by Mr. 
Stubau last January, he stated that at 
that time his plane was 90 per cent 
completed. 


Dr. Richard von Mises 


Dr. Richard Edler von Mises, FIAS, 
died in Boston on July 14. He had 
retired the previous month as Gordon 
McKay Professor 
of Aerodynamics 
and Applied Math- 
ematics, Emeritus, 
at Harvard Uni- 
versity. 

Bornin Lemberg, 
Austria, on April 
19, 1883, Dr. von 
Mises studied at 
the University and the Technical College 
of Vienna. He was graduated in 1906 
as a Mechanical Engineer and in 1908 
as a Doctor of Technical Sciences. 
From 1905 to 1908, he worked as 
Engineer in several engine factories 
and at the same time was Assistant and 
later Design Engineer at the Technical 
College of Briinn, Austria. 


Between 1908 and 1911, he taught at 
Briinn and at the University of Strass- 
burg in Alsace. For the ensuing 2 
years, he headed the Technical Service 
of ‘‘Prinz Heinrick Air Races” and pub- 
lished the “‘first theoretical formulae 
suitable to value aircraft performances 
in flying races.’ He learned to fly in 
1913 and was awarded Federation 
Aeronautique Internationale (F.A.I.) 
Certificate No. 500. 


During World War I, Dr. von Mises 
was a Leutnant and later an Ober 
Leutnant in the Austro-Hungarian 
Air Force. In 1915 and 1916, a 600-hp. 
bomber, ‘‘Mises,’’ was built under his 


direction and according to his designs. 
In the last 2 years of that war, he was 
Chief of the Department for Aeroplane 
Supply for the Austro-Hungarian Air 
Force. 


In the 2 years following World War I, 
he taught at the University of Frank- 
fort and University of Dresden. In 
1920, he was appointed Professor and 
Director of the Institute of Applied 
Mathematics at the University of Ber- 
lin, where he remained until Hitler’s rise 
to power in 1933. At that time, he left 
Germany and went to Turkey where he 
served for the next 6 years as Professor 
of Mathematics at the University of 
Istanbul. In 1939, he emigrated to the 
United States and for the ensuing 5 
years held a chair of mathematics at 
Harvard University. In 1944, he was 
named Gordon McKay Professor of 
Aerodynamics and Applied Mathe- 
matics at Harvard. 


Dr. von Mises was the author of many 
published works covering many diverse 
subjects, such as aerodynamics, me- 
chanics, statistics, philosophy, and liter- 
ature. Some of these appeared in 
German; others, in English. In 1918, 
his book on the Theory of Flight, 
Fluglehre, was printed by a publishing 
firm in Berlin; the fifth edition of this 
work came out in 1936. (His “Theory 
of Flight” lectures had been printed 
privately in three editions prior to 
1918.) Volumes I, II, and III of 
Advances in Applied Mechanics, which 
he coedited with Dr. Theodore von 
Karman, HFIAS, were published in 
1948, 1951, and 1953, respectively. 
In collaboration with Gustav Kuerti, 
MIAS, and William Prager, AFIAS, 
he put out a book entitled Theory of 
Flight in 1945. Some of his other 
writings have included these titles: 
Probability, Statistics and Truth; Notes 
on Mathematical Theory of Probability 
and Statistics; and Positivism: A Study 
in Human Understanding. 


In 1935, Dr. von Mises was awarded 
an honorary degree of doctor by the 
University of Brussels. Two years ago, 
in 1951, he received an honorary doc- 
toral degree from the Technical Uni- 
versity of Vienna. 


Dr. von Misesis survived by his widow, 
Hilda Geiringer von Mises, Professor of 
Mathematics at Wheaton College. 
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James H. Doolittle 
Vice-President, Shell Oil Company 
IAS Past-President 


Annual Summer Meeting Dinner Remarks 


You all know the story of Kitty Hawk. There is no 
need to retell it here. And you all appreciate the im- 
portance of aviation in modern society. If it were not 
so important, many of you would be differently em- 
ployed. The fact that we are going to dedicate a re- 
production of the original Wright Flyer here this eve- 
ning confirms our interest in aviation’s past and our 
confidence in its future. 


However, this occasion and the history associated 
with it suggest three aspects of the progress of science 
which have a direct bearing on future developments in 
aviation. I should like to consider them briefly. 

The first is the scientist’s attitude toward his achieve- 
ment. 


The second is the character of the atmosphere in 
which a new idea must survive and grow. 

The third is the inevitability of growth for a new 
idea, if the idea is good. 

Materialists and idealists probably will never agree on 
the motive of the inventor. Is hope of profit stronger 
than dedication to service? Is love of fame greater 
than desire for knowledge? 
with the individual. Until we can look into a man’s 
soul, we will never know. And, for our present pur- 
pose, it really doesn’t matter. What does matter is 
the practical significance the Wrights attached to their 
work. Here it is in a letter Orville Wright wrote in 
1928 to Senator Hiram Bingham. He said, in part: 
‘Wilbur and I did not take nearly so much pride in the 
fact that we were the first to fly as we did in the fact 
that we were the first to have the scientific data from 
which a flying machine could be built.’’* 


Actually, it probably varies 


Orville did not deny their pleasure in being first to 
accomplish a feat that able men had declared impossi- 


* 4 Machine to Fly, Harpers, page 17, June, 1953. 


General Curtis E. LeMay (left), Genera! Doolittle (center), and 
IAS President Charles J. McCarthy inspecting Wright reproduction 
at Los Angeles. 


ble. But the Wrights saw that their great contribution 
was in developing a body of information. Orville made 
his statement all the stronger by putting it in the pas- 
sive voice—‘‘data from which a flying machine could 
be built,”’ not by the Wrights alone but by others as 
well. There you have the significance and the value of 
research; it provides a sound point of departure for 
further growth. 

The second point, concerning the atmosphere in which 
a new idea must make its way, is essentially a problem. 
The rapid technological advances of the past 50 years— 
by pushing back the borders of the unknown and mak- 
ing the public more aware of the potentials of science— 
are whittling the problem away. But it is far from 
gone. The problem is largely a matter of overcoming 
intellectual inertia. For the Wrights, this meant more 
trouble after Kitty Hawk than before. There was 
needling ridicule; there was flat skepticism; and be- 
yond these, there was an encompassing mass of indif- 
ference. They were charlatans. No, they were just 
harmless crackpots, good foralaugh. What could they 
do that others had not already done with gas bags? 
Why were they wasting their time trying to fly around 
a cow pasture when they should be attending to their 
bicycle business? What would it prove if they did fly? 
The whole business was against nature. Ignore it! 

It is easy, from the vantage point of 1953, to laugh 
at people who laughed when the Wrights set out to fly. 
It is not quite so easy to laugh at people who tell us 
today that certain technical projects or operational 
procedures are no good and who base- their arguments 
on the ground that the ideas have been tried before and 
didn’t work. Additional knowledge can make easy of 
accomplishment that which was previously impossible. 
The way through this somewhat murky atmosphere is 
not easy, even if you are endowed with true brilliance. 
At the least, it takes intelligence, foresight, and a good 
measure of courage to start. It takes persistence and 

(Concluded on page 27) 
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The Wright Re 


O* DECEMBER 17, 1903, Orville Wright carved a 
permanent niche for himself and his brother, 
Wilbur, by flying a Wright-designed power-driven 
heavier-than-air machine a distance of 120 ft. in 12 
sec. This was man’s first free, controlled, and sus- 
tained flight in such an aircraft. Later that same day, 
Wilbur Wright lifted the machine from the wind-swept 
sands of Kitty Hawk, N.C., to remain aloft for 59 sec. 
and to cover a distance of 852 ft. 
era of transportation. 


Thus began a new 


This historic aircraft had an empty weight of 605 


Ibs. and a gross weight of 750 Ibs. Its wing span was 


50 YEARS OF AVIATION PROGRESS: 
The USAF Scorpion F-89 all-weather inter- 
ceptor, built by Northrop Aircraft, Inc., is a 
marked contrast to the Wright Brothers’ 
Kitty Hawk airplane, as shown by this com- 
parative photo taken of the F-89 alongside a 
full-scale reproduction of the historic craft. 
The progress of aviation from 1903 to 1953 
is demonstrated by the fact that the Wright 

e Brothers flew 120 ft. in 12 sec. in 1903, 
while the F-89 travels over 2 miles in the 
same time today. 


ly Beverly A. Dodge 


10 it., 4in.; overall length, 21 ft., 1 in.; height over the 
wings, 8 ft., 1 in.; and height over the sweep of the 
propellers, 9 ft., 4 in. The wings had a chord of 6 ft., 
6 in., a camber of 1 in. in 20 in., an incidence of 3°21’, 
and a 10-in. wing droop. The total wing area, includ- 
ing both the upper and the lower wings, was 510 sq.ft. 
The loading was 1.47 Ibs. per sq.ft. of wing area and 
6.25 Ibs. per engine hp. 

The power plant for this craft was a four-cylinder 
four-cycle horizontal liquid-cooled gasoline-type engine 
with a 4-in. bore and 4-in. stroke. Bare of all acces- 
sories, it weighed 152 lbs.; with the magneto and ac- 
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cessories, the engine tipped the scales at 170 lbs. For 
the first 15 sec. after being started, it developed 16 hp. 
at 1,200 r.p.m.; however, within a minute or two, the 
output dropped to about 12 hp. Two contrarotating 
propellers, each 8 ft., 6 in. in diameter, were located 
about 10 ft. apart on tubular shafts and were driven by 
chains running over sprockets. 

Fifty years later, a full-scale reproduction of this 
Kitty Hawk airplane was dedicated by Lt. Gen. James 
H. Doolittle, USAF (Ret.), Chairman of the National 
Committee to Observe the Fiftieth Anniversary of 
Powered Flight. (See p.23.) The only full-scale model 
of the original in the Western Hemisphere, it was in- 
stalled last July as a permanent exhibit in the W. F. 
Durand Aeronautical Museum of the Institute of the 
Aeronautical Sciences in Los Angeles. (The original 
Wright Brothers’ plane can be seen at the Smithsonian 
Institution’s National Air Museum in Washington, 
D.C.) 

This West Coast reproduction is the realization of an 
idea long cherished by E. W. Robischon, IAS Western 
Region Manager. It is the result of the cooperative 
effort of more than 20 companies broached by Mr. 
Robischon. Each of these companies enthusiastically 
supported the idea and readily agreed to reconstruct 
and contribute the components required for the com- 
pleted project. 

One of the contributing companies, Diamond Chain 
Company, Inc., brought out some long-retired dies 
and with them provided the type of chains used on the 
Longines-Wittnauer Watch 
Company, Inc., obtained a French copy of the original 
Wright anemometer, which is also believed to have 
A third contributor, 
Schrillo Aeronautical Tool Engineering Company, 


original Wright plane. 


been of French manufacture. 


reproduced in complete external detail an old motor- 
cycle hub used by the Wright Brothers as a roller for 
the launching track. 

The reproduction’s engine is an accurate wood and 
metal mock-up of the original power plant and was 
built by Marquardt Aircraft Company employees on 
their own time. Charles F. Taylor, builder of the orig- 
inal Wright engine, was at the Marquardt plant for the 
ceremony in which the mock-up was donated to Mar- 
quardt Aircraft Company for presentation to the 
reproduction project. 

And so it went, each company doing its utmost to 
make the reproduction true to the original in exacting 
detail. 

A complete listing of the companies and the compo- 
nents contributed by each to this reproduction are as 
follows: 


American Helicopter Company, Inc.—Propeller sup- 
port structure, propeller chain casings and supports. 

Apex Wire and Alloys Corporation—All brace wires. 

Cal-Aero Technical Institute—Wing struts, skid fram- 
ing, stays. 

Diamond Chain Company, Inc.—Propeller chains, con- 
trol system chains, engine chains. 


PACIFIC AIRMOTIVE CORPORATION: Rudder 
for the reproduction of the Wright Brothers’ plane built 
by Pacific Airmotive Corporation. P.A.C.-veterans 
Paul W. Jones and Charles Osborne completed the 
handmade rudder almost entirely on their own time. 


Flightex Fabrics, Inc.—All fabric. 

The B. F. Goodrich Company—aAll rubber hose and 
tube. 

Lockheed Aircraft Corporation—Project coordination: 
support and hoist system for IAS building. 

Longines-Wittnauer Watch Company, Inc.._Anemom- 
eter, stop watch. 

Los Angeles Trade-Technical Junior College-—-Com- 
plete elevator assembly and support structure. 

Manco Plating Company—-All metal plating. 

Marquardt Aircraft Company —Complete engine mock- 
up. 

Meletron Corporation —Flight instrument assembly. 

Northrop Aeronautical Institute—-Complete wing 
panels, all assembly and rigging work. 


The Wright Reproduction. 
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NORTHROP AERONAUTICAL INSTITUTE: Stu- 
dents of the Northrop Aeronautical Institute assemble 
structure for wing cellules of Wright reproduction. 
ings were constructed using hard woods similar to 
those used by the Wrights for Kitty Hawk airplane. 


Pacific Airmotive Corporation-—-Complete rudder as- 
sembly and support structure. 


Schrillo Aeronautical Tool Engineering Company— 


Strut clips, propeller shafts, chain adjusters, ele- 
vator roller. 


F. Somers Peterson Company—Engine revolution 
counter. 


Southern Counties Gas Company of California—Fuel 
system cocks. 
E. J. Stanton and Son, Inc.— All hard woods. 


Stolper Steel Products Corporation 
brackets. 


Fuel tank and 


Timm Industries, Inc. 
supports. 


Control levers, pulleys, clips, 


AMERICAN HELICOPTER COMPANY: Propeller 
chain casing supports being assembled by American 
Helicopter Company technicians. Propellers on 
original machine were chain-driven through tubular 
shafts placed 10 ft. apart. 


LOS ANGELES TRADE-TECHNICAL JUNIOR 
COLLEGE: Elevator assembly framework being 
erected by the Junior College students in their wood- 
shop. Fragile construction of original machine is 
apparent here. 


U.S. Propellers, Inc. 
Western Gear Works 
Young Radiator Company 


Two propellers. 
All engine and propeller gears. 


Engine radiator and clips. 


After several of the companies had committed them- 
selves to supply specific parts, Mr. Robischon contacted 
John K. Northrop and James L. McKinley, of Northrop 
Aeronautical Institute. It was agreed that N.A.I. 
would not only fabricate the wing cellules but would 
also handle the final assembly. Asa result, throughout 
last winter and spring, one section of the N.A.I. 
hangar at Northrop Field was given over completely 
to its construction, which began in November of 1952. 
lhe work was accomplished by the Northrop students 
under the direction of Ralph Bent and as a part of the 
school curriculum. 

rhe blueprints used to construct this West Coast 
reproduction were obtained from The _ Science 


U.S. PROPELLERS, INC.: One of two propellers 
for Wright reproduction being finished in shops of 
U.S. Propellers, Inc. The Wrights used two 8-ft., 6-in. 
diameter chain-driven propellers running in opposite 
directions. 


— 


= 
A | th: 
— 
ex 
T: 
te 
b 
th 
f; 
k 
MAA | 
| 


THE WRIGHT REPRODUCTION 27 


MARQUARDT AIRCRAFT COMPANY: Charles 
Taylor, Dayton mechanic, who built engine for original 
Wright Airplane, points out ignition camshaft of re- 
production engine to Roy Marquardt, of Marquardt 
Aircraft Company. The reproduction duplicates 
original engine down to such details as valve-cage 
assemblies and magnet. 


Museum in London, England, where the only other 
existing full-scale model was built and is now on dis- 
play. These Kensington drawings were later supple- 
mented by data from our National Air Museum. 

The coordination of the project was handled by F. A. 
Cleveland, of Lockheed Aircraft Corporation. Mr. 
Taylor, the Wright engine builder, contributed valuable 
technical assistance. 

The Wright reproduction is a tribute to the work 
begun by the Wright Brothers over 50 years ago and to 
the aeronautical advancements made during the half 


ee 
SOUTHERN COUNTIES GAS COMPANY: 


Southern Counties Gas Company machinist threads 
asoline-line cock for Wright reproduction. Original 
right airplane carried less than 2 gal. of fuel. 


century that ends on December 17, 1953. It repre- 
sents a science that, in the words of Brig. Gen. Frank 
P. Lahm, USAF (Ret.), “may well lead beyond the 
conquest of the air which surrounds this small planet on 
which we live.” 


Guest Editorial by James H. Doolittle 


(Concluded from page 23) 


faith in your data and in your application of them to 
keep going. The Wrights had these qualities. 

The results of their work give us a clear illustration 
of the third point—the inevitability of the spread of a 
good idea. We must not overlook the word good. In 
the Middle Ages, the alchemists considered it a good 
idea to try transmuting base metals into gold. It 
couldn’t be done then. In 1903, a few weeks before 
Kitty Hawk, a famous scientist” attempted to prove, 
mathematically, that it would be impossible to build a 
flying machine that would carry a man. To his own 
satisfaction and to that of many others he succeeded. 
Who remembers his name? 

Even for the soundest ideas, intellectual inertia is an 
enormous obstacle at first. But as proof follows proof, 
the inertia is eventually converted to interest. A kind 


* Professor Simon Newcomb, prominent scientist and mathe- 
Wright, Orville, How We Invented the Airplane, 
edited by Fred C. Kelly, Harpers, page 26, June, 1953. 


matician 


of Gresham’s-law-in-reverse begins to operate, with 
good ideas driving out bad. Momentum begins to 
build up. Active suppression may delay progress, but 
once a good idea gets going nothing can permanently 
stop it. 

When a good idea starts to grow the initiator may 
have to fight to retain control of it. Human nature 
being what it is, there will be a tendency for him to be 
shoved to one side by more aggressive contemporaries. 
But this need not be. There is no good reason why a 
man should not receive reasonable rewards for his origi- 
nality and his effort. However, within the limits re- 
quired by protection and compensation for originality, 
the general welfare demands that good ideas be per- 
mitted full and easy growth. 

Any organization devoted to this principle is worth 
while because it fulfills a basic requirement of civiliza- 
tion. Itservesmankind. It does its part to make this 
world a better place. 
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(ED. NOTE—The following reports of the tech- 


nical sessions have been filed by the individual 


session chairmen. Most of the papers presented 

are being published in early issues of the REVIEW 

and JOURNAL. Preprints of papers available are 
listed on page 48 of the August REVIEW.) 


Aerodynamics Session 


Harry J. Heimer, Chairman 
Technical Staff Member, Hughes Aircraft Company 


The Guest Chairman of the Aerodynamics Session of 
the Annual Summer Meeting of the Institute of the 
Aeronautical Sciences was Capt. Walter S. Diehl, USN 
(Ret.). The first paper was by H. R. Lawrence and A. 
H. Flax, of the Cornell Aeronautical Laboratory, Inc., 
on the subject ““Wing-Body Interference at Subsonic 
and Supersonic Speeds: Survey and New Develop- 
ments."’ The paper was presented by Mr. Lawrence, 
who was able only to summarize the thorough and com- 
plete written version of the paper. Most of the various 
theories and techniques of calculating wing-body inter- 
Methods for 
high and low aspect ratio and subsonic and supersonic 
Mach Numbers were considered. 


ference were compared and discussed. 


Experimental data 
were compared with the various theories to evaluate 
their usefulness. It was also shown how a unified point 
of view in constructing approximate theories and design 
methods and in interpreting and utilizing experimental 
data for all speed ranges can be achieved by the ap- 
plication of general integral relations using linearized 
theory. 

The second paper was by Edward S. Rutowski, of 
Douglas Aircraft Company, Inc., on the “Energy Ap- 
proach to the General Aircraft Performance Problem.” 
In this paper methods of performance calculations 
using an energy approach were discussed. Total air- 
craft energy becomes the major independent variable. 


A\nnual Summer 
Meeting 


Report of Technical Sessions 


Techniques were discussed for finding the path of mini- 
mum time and minimum fuel to change from one com 
bination of speed and altitude to another. The method 
is also useful in range calculations and leads to a range 
equation based on the heat content of the fuel and the 
overall power-plant efficiency. In addition to being use- 
ful for performance calculations on a given airplane, the 
method would appear to be especially useful in com 
paring different types of power plants. 

The third paper was on the “Applications of Hyper- 
sonic Thin-Body Theory” by Milton D. Van Dyke, of 
Dr. Van 
Dyke showed that the hypersonic similarity rule of 
Tsien and Hayes can be used throughout the usual range 
of the linearized theory, as well as in the hypersonic 
Thus a single theory, together with a single 
similarity rule, covers the entire supersonic range from 


the NACA Ames Aeronautical Laboratory. 


range. 


just above the transonic range to infinite Mach Num- 
bers 

The applicability of the method was shown using 
the calculation from Kopal’s report on the flow around 
cones. 

A considerable improvement in the method was ob- 
tained by interpreting its results in conformity with the 
Newtonian impact theory. To illustrate the generality 
and usefulness, the method was applied to the cases of a 
Some 
discussion was given concerning the application of the 
method to two- and three-dimensional bodies at angle 
of attack. 

The last paper was by Leonard Sternfield, of the 
NACA Langley Aeronautical Laboratory on “‘A Vector 
Method Approach to the Analysis of the Dynamic 
Lateral Stability of Aircraft.” 


symmetrical circular cone and an ogival body. 


This vector method 


enables one to determine directly the damping of the 
dutch-roll oscillation, as well as the amplitude and phase 
relation between the three lateral degrees of freedom. 
The application of the method to several other stability 
problems was also discussed. Based on the method, a 
“vector machine” has been built for analyzing the two 
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legrees of freedom of lateral motion—namely, rolling 
and yvawing. A movie was presented which showed the 
operation of the machine. Through its use it is possible 
to calculate rapidly the frequency response of a two de- 
gree of freedom system. 


Propulsion Session 


Brooks T. Morris, Chairman 


Administrative Engineer, Marquardt Aircraft Company 


Because this Session was unclassified, care was taken 
in the discussion to avoid disclosure of security informa- 
tion; this accounts for the lack of published discussion. 
The attendance at this Session was 170. 
papers were presented. 

“Spreading of Supersonic Jets in Supersonic Streams,’ 
by John G. Wilder, Jr., Section Head, Experimental 
Aerodynamics Section, and Kenneth Hindersinn, As- 
sistant Aerodynamicist, Cornell Aeronautical Labora- 
tory, Inc. (This paper is published in full on page 54 of 
this issue.) 

‘“Afterburners—Are They Worth While?” by Floyd 
C. Newton, El Segundo Division, Douglas Aircraft 
Company, Inc. (This paper is published in full on page 
12 of this issue.) 

“Optimum Exit-Nozzle Performance for Jet En- 
gines,’’ by Richard G. Laucher, Afterburner Section 
Supervisor, and John S. Winter, Afterburner Project 
Engineer, Marquardt Aircraft Company. (See page 
41 of the September issue of the REviEw for this paper.) 

‘Techniques for Determining Thrust in Flight for 
Airplanes Equipped with Afterburners,”’ by L. Stewart 
Rolls and C. Dewey Havill, Ames Aeronautical Labora- 
tory, NACA. This paper discussed an experimental 
technique that has been developed to determine the net 
thrust for an afterburner-equipped airplane in flight. 
Measurements from a swinging pitot-static pressure and 
total temperature probe were used to determine the 
gross thrust, total airflow rate, and net thrust. The 
power-operated swinging probe was used to overcome 
the shortcomings of using a fixed rake that would re- 
quire the use of special high-temperature material to 
withstand the high jet-exhaust temperatures associated 
with afterburner operation. 


The following 


Use of the swinging probe 
technique to determine the efficiency of an ejector type 
tailpipe cooling system was discussed. 


Guided-Missile Session 
Evert C. Hokanson, Chairman 


Sales Administrator, G. M. Giannini & Company, Inc 


A most outstanding presentation of a complete guided- 
missile weapon system was given before an enthusiastic 
audience of 400 IAS members at Los Angeles on July 16, 
1953. All had been cleared for ‘‘Confidential’’ in order 
to have the privilege of hearing Guest Chairman Brig. 


Gen. H. N. Toftoy, W. H. C. Higgins, and E. P. 
Wheaton tell about how the guided missile was planned, 
developed, tested, and operated. 

General Toftoy, Director of Ordnance Missile Labo- 
ratories, Redstone Arsenal, Huntsville, Ala., briefly 
traced the history of guided missiles from World War II 
up to the present time. He then told how the project 
was organized on a weapons system development basis. 
He emphasized the success of this method and com- 
mended the participating contractors for their superb 
cooperation and understanding in mutually working out 
each problem as it arose. The 3,000-mile separation of 
the principal contractors—Bell Telephone Laboratories 
and Douglas Aircraft Company—did not cause dif- 
ficulty, primarily because of the products of each 
namely, the telephone and transport aircraft. One fea- 
ture of the program which was believed to contribute 
greatly toward its success was the subcontracting of 
components to specialist companies. This resulted in 
the procurement of the best products possible in the 
shortest time. 

W.H. C. Higgins, Director of Military Systems De- 
velopment for Bell Telephone Laboratories, discussed 
the various phases of the guided-missile system from the 
preliminary study and planning to the details of design 
and manufacture, which resulted in a finished weapon 
system. His excellent presentation of the essential fea- 
tures in a program of this magnitude stressed the pro- 
gressive steps of study, development, evaluation, and 
training. 

E. P. Wheaton, Chief Project Engineer for Guided 
Missiles, Douglas Aircraft Company, Inc., discussed 
the problems encountered in the development, design, 
and testing. He gave a most interesting description of 
the methods used in solving those problems. Mr. 
Wheaton’s talk was followed by two impressive films 
showing the guided-missile system, how it operates, and 
actual flights of the missile from the launching to the 
contact with drone target aircraft. The use of these 
films was made possible through the cooperation of the 
Los Angeles Ordnance District and Douglas. On dis- 
play at the meeting was a complete guided missile. 

Everyone fortunate enough to attend this meeting 
was enthusiastic about the material and the manner in 
which it was presented. Comments indicated that 
seldom, if ever before, had so complete and interesting 
a story been given on any project. It gave a remark- 
able overall picture of the progress made on guided 
missiles, the newest phase in the aeronautical field. 


Structures Session 


Arthur M. Ogness, Chairman 


Supervisor, Preliminary Design Department, 
Northrop Aircraft, Inc. 


“Fatigue Life of Thick-Skinned Tension Joints’ by 
E. W. Thrall, El Segundo Division, Douglas Aircraft 
Company, Inc. This paper presented fatigue failures 
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encountered during an integral wing tank life cycling 
test of an experimental airplane wing. A series of tests 
was performed in order to determine a splice arrange- 
inent that would have a fatigue life equal to the basic 
unspliced portion of the structure. The results of the 
tests were presented including the splice arrangement 
incorporated as a repair on the experimental airplane. 

“Optimum Design Consideration for Aircraft Wing 
Structures,’ by A. L. Kolom, North American Avia- 
tion, Inc. (This paper is published in full on page 31 of 
this issue.) 

“Warping of Thin-Shell Wing Structure,’ by Joseph 
A. Wise, University of Minnesota. This paper illus- 
trated the form of the characteristic equation which de- 
fines the distribution of strains and deformations in a 
thin-shell corner-stiffened box. Standard thin sheet- 
metal assumptions are made in addition to the further 
assumption that the box contains infinitely closely 
spaced rigid bulkheads. 


Helicopter Design Session 


Winfield H. Arata, Jr., Chairman 


Preliminary Design Engineer, Lockheed Aircraft 
Corporation 


The Helicopter Design Session was held on the after- 
noon of July 17, 1953, as a joint meeting of the Institute 
of the Aeronautical Sciences and the American Heli- 
copter Society. The opening remarks by the Chairman 
indicated that there was a twofold purpose behind the 
meeting: first, to give recognition to the growing heli- 
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copter industry on the West Coast and, second, to learn 
about the design features of some of the latest models 
being built by their manufacturers. 

The meeting was then turned over to the Guest 
Chairman, R. A. Wagner, Chief Engineer, Aircraft 
Division, McCulloch Motors Corporation, who then in 
troduced each speaker. 

The first speaker was J. R. Jones, Project Engineer, 
McCulloch Motors Corporation, who spoke on ‘“‘Design 
Features of the McCulloch MC-4 Helicopter.”’ 

The second speaker was Howard E. Roberts, Vice- 
President, General Staff, American Helicopter Corpora- 
tion, who spoke on ‘Design Features of the XH-26 
‘Jet-Jeep’ Helicopter.”’ 

The last paper was given by Harvey Holm, Project 
Engineer, Hiller Helicopters, and was entitled ‘‘Design 
of the Hiller HJ-1, YH-32 Helicopter.” 
published in full on page 48 of this issue.) 

The questions asked during the discussion period were 
similar for all three papers. Some of the questions asked 
were: What is the rate of descent when in autorota- 
tion? What is the average specific fuel consumption of 
the engine? What is the estimated production cost? 

After the presentation of the design papers, a film 
loaned by Sikorsky Aircraft was shown. One portion 
of this motion picture showed the use of helicopters in 
Korea. The other part of the film showed the flight of 
two Sikorskys (H-19) across the North Atlantic Ocean. 

In conjunction with the Design Session, there was a 
static display of the McCulloch MC-4C and American 
Helicopter XH-26 helicopters in the IAS parking lot. 
Over 400 people visited the display and attended the 
Design Session. 


(This paper is 


Second International Aeronautical Conference Proceedings 
First Convertible Aircraft Congress Proceedings 
Second Convertible Aircraft Congress Proceedings. . . 
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Optimum Design Considerations for 


Aircraft Wing 


Structures 


AARON L. KOLOM* 


North American Aviation, Inc. 


ABSTRACT 


The three basic types of wing structural design—multirib, 
multistringer, and multispar—are discussed comparatively from 
the optimum design point of view. Relative weight efficiencies 
of multirib and multistringer compression surface designs are 
developed, with calculations and curves of optimum stringer and 
rib spacing for three types of multistringer structure: 
formed ‘‘zee,”’ 
stringers. 


light 
extruded bulb angle, and extruded hat-section 


The advantages and limitations of multispar design are dis- 
cussed and optimum spar spacing and skin-thickness calculations 
and design curves presented for a wide range of axial load per 
inch values. 

Summary design selection curves for minimum weight struc- 
ture are presented for all types of structure considered and 
covering the entire range of load per inch values expected in 
aircraft wing design. 


SYMBOLS 


A = area, sq.in. 

A, = Spar cap area, sq.in. 

Ar = effective area of distributed rib volume, 4g = Vpr/S, 
sq.in. 

A; = stringer area, sq.in. 

Ayp = effective area of intermediate spar web, multispar 
design, sq.in. 

b = panel width, in. 

c = structural chord, in. 

E = Young’s modulus, Ibs. per sq.in. 

f = applied stress, lbs. per sq.in. 

F., = spar cap compression allowable, lbs. per sq.in. 

F.x. = critical panel compression allowable, lbs. per sq.in. 

F., = stringer column allowable, Ibs. per sq.in. 


F,,, compression yield allowable, lbs. per sq.in. 


cmaz-= Maximum stringer compression allowable (crippling), 
Ibs. per sq.in. 


Fy) = compression allowable of intermediate spar, multispar 
design, lbs. per sq.in. 

Fi, = tension stress allowable, lbs. per sq.in. 

F, = maximum allowable panel compression stress, lbs. per 
sq.in. 

hs = height of spar, in. 

I = section bending moment of inertia, in.‘ 

K = panel edge support coefficient 

l = bending moment couple arm, in 

= bending moment, 

n = number of stringers 

P = couple load, Ibs. 

P., = rib crushing load per stringer, lbs. 

Q = axial load per in., lbs. per in. 

S = rib spacing 

t = skin thickness, in. 


. ° . 
Presented at the Structures Session, Annual Summer Meeting, 
1AS, Los Angeles, July 15-17, 1953. 
* Supervisor, Wing structures. 
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tspex, = effective thickness of intermediate spars, multispar 
structure, in. 
u = Poisson’s ratio 
Ve = volume of rib, in.* 
w = effective width of skin in compression, in. 
y = distance from neutral axis 
= radius of gyration, in. 
oT = coefficient that allows for the reduction of E for com- 


pression stresses above the proportional limit. 


INTRODUCTION 


i in DESIRED GOAL in aircraft structural design is 
the optimum configuration of structural material 
to support the given design loads. One of the more 
important criteria for optimum design is the achieve- 
ment of a practical minimum structural weight that is 
consistent with design and servicing requirements at 
the greatest economy of manufacturing cost. Mini- 
mum weight is also becoming increasingly important 
with present-day, high-speed, long-range aircraft, 
where each excess pound of structure can have a 
material reflection in performance, pay load, or opera- 
tional expense. 

For the lower surface of the wing which is designed 
primarily by tension loads, minimum weight is achieved 
in a fairly simple manner. Aluminum alloys with the 
highest tension allowables are used, with as much 
material as possible concentrated at the farthest dis- 
tances from the neutral axis of the wing section. The 
upper or compression surface, however, because of the 
wide range in column or crippling allowables obtainable 
with different stringer types, former spacing, etc., and 
the complications of special design requirements, 
presents the most difficult problems for attaining 
economical structural weight. 


General Types of Wing Structure 


There are three general types of compression sur- 
faces, as shown in Fig. 1: multirib design, type A, with 
all of the compression load being carried by the spar 
caps alone, utilizing closely spaced ribs to support 
the skin and form the airfoil contour; multistringer 
design, type B, with unlimited variations of stringer 
types and effective skin combinations acting with the 
spar caps to support the compression loads; and multi- 
spar design, type C, with all of the compression load 
being carried by the skin, which is supported by closely 
spaced spars. 
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Fic. 1. General types of wing structural design. (a) Multi 
rib design, type A. (b) Multistringer design, type B. (c 
Multispar design, type C. 


OPTIMUM DESIGN CONSIDERATIONS 


At the initiation of a wing design, the optimum type 
of structure can be ascertained fairly readily from the 
couple load requirement at the critical wing stations. 
With the transition of aircraft performance and design 
configurations from low-speed airplanes with lightly 
loaded thick airfoil wings to present-day high-speed 
aircraft, the optimum type of structural design has 
also undergone changes from multirib design or type 
A through multispar design or type C, the latter being 
the only practical design for heavily loaded extremely 
thin wings. 

The primary function of the intermediate spars for 
multispar structure is to support the skin plates under 
the crushing forces due to flexural bending; and very 
light corrugations or adequately stiffened spar webs 
will provide such support for even very thick plates. 
Where it can be used, therefore, multispar design 
lends itself readily to minimum weight structure. 
With the skin fully effective in compression, and 
capable of supporting stresses in the neighborhood of 
F.,, this type of structure is by far the most efficient. 
As the trend continues toward thinner and thinner 
wing sections with large axial loads per inch, multispar 
design will undoubtedly find increasingly widespread 
usage in future aircraft wing design. 

For the predominant number of aircraft being de- 
signed today, however, whose structural geometry and 
loading makes the multirib or multistringer type more 
practical, the problems of optimum design and stringer 
and rib spacing are extremely important. It is with 
these two types of structure, therefore, that direct 
weight comparison studies need be made. 

When a conventional wing design is undertaken, the 
airfoil shape and spar locations are generally set by 
considerations other than structural weight efficiency. 
A bending moment couple arm can then be estimated 
for each design type, the arm for type A being smaller 
than for type B because the spar caps are not generally 
located at the chord percentage points of maximum 
depth and also because the requirement of larger spar 
cap areas further lowers the compression area center 
of gravity location. 
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The advantages and disadvantages of each type 
design can be summarized as follows: 


)] 


Multirib Structure 


In multirib structure, the spar caps carry the entire 
compression load, ribs are relatively closely spaced 
with no stringers, and the skin gage is a minimum as 
determined by wing torsion or flutter. 


Advantages: 


(1) Easy fabrication, no stringer cutouts in ribs. 
(2) Load concentrations in spar caps are ideal for 
bolting or wing folding joints. 

(3) Minimum weight skins. 

(4) Minimum weight penalty for skin cutouts and 
access doors. 

(5) Generally reduced skin shear flows. 

Disadvantages: 


(1) Smaller bending moment lever arm; therefore 
higher couple loads and greater area requirements for 
tension, as well as compression surfaces. 

(2) Closer rib spacing required for carrying air 
loads into spars than for stringer-type design. 

(3) Handling difficulties with thin skin. 

(4) Undesirable aerodynamic effects caused by 
compression buckles forming between ribs as a result 
of spar cap axial deformations under load. 

(5) Skin weight of no benefit in carrying wing 
bending. 

(6) Average compression stresses are higher than 
for design type B;_ therefore, wing deflections are 
greater. 

Specific design requirements for any particular air- 
craft may in effect dictate the type of design which is 
most advantageous. Special considerations in favor 
of design type A are: 

1) Wing folding joints, where all the load must be 
concentrated in the spar caps at certain points. 

(2) A high degree of maintenance accessibility, 
with a multitude of skin cutouts and access doors. 


Multistringer Structure 


In multistringer design, conventional stringers and 
effective skin panels act in conjunction with the spar 
caps to carry compression forces. Optimum weight 
design is obtained by using the highest compression 
allowable stringer that is consistent with the area 
requirements and so spaced as to derive maximum 
benefit from the skin in compression. 


Advantages: 

1) Maximum average lever arm for bending mate 
rial resulting in reduced loads and area requirements 
for both upper and lower surfaces. 

2) Utilization of all skin for bending, as well as 
torsion loads. 


3) Excellent skin-buckling and wing-twist charac- 
teristics. 


4) Relatively few ribs or formers. 
5) Good service-handling characteristics and gen- 
eral rugged appearance. 
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(6) Average compression stresses are lower than 
for design type A; therefore, deflections are smaller. 


Disadvantages: 


(1) More fabrication difficulties than design type 
A due to stringer cutouts and riveting. 

(2) Unsuited for efficient bolting or wing folding 
design. 

(3) Weight and fabrication penalties for skin cut- 
outs or access doors. 

Special considerations in favor of design type B are: 

(1) Wing flutter or aileron divergency require- 
ments that specify a minimum skin thickness that is 
fairly substantial. 

(2) Wing fuel tanks with large unsupported bays 
favoring double skin construction. 

Most conventional wings are designed with stringers, 
the common process of design being the selection of 
minimum skin gages for shear flow or for practicality 
of handling, flutter, or aileron divergency require- 
ments. Stringer and former spacings are then selected 
so as to achieve the best compromise between high 
stringer column allowables, effective rib area, the 
utilization of as much effective skin as is economically 
feasible, fabrication cost, and the limitations of undue 
panel buckling. 

Since the advantages of specialized types of design, 
as well as loads per inch, chord lengths, and many 
other factors, vary along the wing span, the optimum 
type of design may also vary spanwise, with the most 
efficient overall design being a compromise for the 
entire wing. 


Effective Width of Skin 

The actual effective width of compression skin acting 
in conjunction with the stringers and spar caps is 
dependent upon the compression allowable of the 
supporting item since the skin between stringers 
buckles out more and more with increasing stress. 
Calculations of the effective skin width resolve into 
equations such as 


w= 1.90tV E/F., (reference 1) 


which for nominal skin thicknesses and stringer stresses 
can be approximated at w = 30f. True effective width 
calculations are generally impractical, and the cal- 
culations of stringer allowables from test results where 
30t of skin is used in the reduction of the test data will 
minimize any errors. 


MULTIRIB AND MULTISTRINGER DESIGN 


For simplicity in calculations and because wings are 
generally flat, the concept of couple loads and average 
stresses is employed rather than the conventional 
bending section analysis of My/T. 


The areas required for each design type are shown 
below, with 602? of effective skin being assumed to act 
in conjunction with the total area of the two spar 
caps. 


STRUCTURES 33 


The bending moment, 
M = = 
therefore 
Ps = (lp/la) Pp 
For design type A, 
P=f-A = F,,[ZA. + 6007] 
therefore 


FA _ 
— 602 = - — 6007 
F ly 3 

As the smaller couple arm /, results in a larger tension 
area, as well as compression area, for type A design, 
the additional required tension area is as follows: 


M M M ( l ) 
ly Fry lp: Fy Fru ly lz 


The total area for comparison purposes, therefore, 
including ineffective skin and the distributed rib weight, 
is then 


A 
A tot. : 


+ (; 600 + Ct+ 
ba: Fe. Fru lp 
(1) 


ll 


Also for type B, 
Pz, = f-A = + 600] + F.,[2A. + 30nt?] 
Therefore, 


P B F. 


[SA, + 30nt?] — 


The total area is then 
= ZA. + Ci 
or 


= Fes + 3002] 
F B [As 


ce 


60 4," 


Spar Cap Excess Compression Allowable 


One of the considerations of increasing importance in 
efficient compression surface design is the utilization 
wherever possible of the high spar cap allowables 
resulting from the restraint against column failure pro- 
vided by the spar web and stiffeners. This can be 
achieved even in multistringer structure, by designing 
the stringers for column failure at some point below the 
ultimate but for practical purposes above the limit or 
applied load. The excess bending is then carried by 
the spar caps, which are thus worked to a higher stress 
than the stringers. Too great a differential between 
the spar cap and stringer allowables should be avoided, 
however, especially where principal wing design condi- 
tions combine high torque with high bending. The 
effects of skin shear flow upon the skin-stringer com- 
pression panel must, in these instances, be carefully 
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considered, since the resulting skin buckles may induce 
stringer collapse and consequently premature wing 
failure well before the spar caps are loaded to their 
theoretical capacity. This is especially true with 
stringers that are subject to torsional instability. 


Comparative Weight Efficiencies 


Although the higher average compression allowables 
attainable with design type A seem to indicate it 
would be the most efficient weightwise despite its 
smaller couple arm and ignoring any minimum skin- 
thickness requirements, there are two reasons why 
this is generally not so: 

(1) The effective skin used for compression in 
multistringer design may offset the higher average com- 
pression allowable of design type A. 

(2) The weight of the supporting formers, which 
are generally more closely spaced in A than in B, is 
far from negligible and may provide a weight dif- 
ferential in favor of the multistringer type of design. 
This former weight, which is so often overlooked, is so 
important that often the best overall weight design 
of a stringer panel is obtained by selecting a former 
spacing such that the stringer column allowable is con- 
siderably below the maximum attainable, as is demon- 
strated later. 

The comparative weight efficiencies of the two types 
of design can be analyzed as follows: 


Thus, when AA > 0, the weight advantage is in 
favor of skin-stringer structure or design type B. 
From Eqs. (1) and (2) 


M 


M M ( M 


= 


F., 
A, — Ar? + e (n)[A, + 3087] 


This can be reduced to 


F., / 
= 145" — Ag”) + ( (n)(A, + 300) — 


For the first group of terms [Ap“ — A], the lack 
of stringers in design type A will require closer rib 
spacing to support air loads and retain the airfoil 
contour than for the stringer type of design. Conse- 
quently [Ar* — > 0. 

The relationship of stringer area to skin thickness in 
a well-balanced design is generally from 1.0¢ to 2.0¢. 
Conservatively assuming the larger value or 2 in. 
equivalent skin length, A, = 2.0t, the second group 
of terms 


n{(F.,/ Fee®)(As + — 


is reduced to 


— 2 _ 
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The second group of terms has positive values, there 
fore, when 


30t > 2((F../F..) — 1] 
or when 
t > 0.067[(F..2/F.,) — 1] 


Because of the inherent danger of premature stringer 
collapse and general instability failure when an attempt 
is made to carry excessive spar cap stresses in con 
junction with low stringer allowables, it is generally 
undesirable to permit F,.°/F,, to become too large. 
With a restriction of 1.5, the second group of terms 
would be positive whenever ¢ > 0.033, or for all but 
extremely thin skin gages. 
For the third group of terms 


al 
la Fry lp Fry 


the spar cap compression allowable, F,,, will generally 
be extremely high, since in a well-stabilized large spar 
cap even flange crippling near the compression yield 
stress level will not induce overall failure. Spar 
cap compression allowables of approximately 80 or 
90 per cent of F,, are not unreasonable. Simi- 
larly, since the tension surface must be designed for 
the critical sections, usually at a chordwise line of 
rivets attaching ribs or formers to the skin, the allow- 
able tension stress must be modified for rivet factors. 
Nominal rivet factors are likewise in the order of 0.8 
to 0.9 for such interpanel rib riveting. Therefore, it 
can be assumed with negligible error that F,, = F,,. 

However, while there is a limitation upon F,,? in 
relation to F., as described earlier, there is no such 
limitation upon F.,4; therefore, the following generali- 
ties can be conservatively assumed to exist: 


» 
Fi, = 1.1F,, 


The third group of terms can be reduced, therefore, 
to 


(1/ Fee? — 1.9114] 


Thus, this group of terms has positive values whenever 
< 0.95/g. Because spar caps that carry the entire 
bending moment are generally large in area, thus 
reducing their lever arms, and also as the usual chord- 
wise locations of the spars are well forward or aft of 
the maximum depth point of the airfoil section, most 
conventional wing structures would be included in 
the above category. 

It is therefore evident that each of the three groups 
of terms of Eq. (3) will, in most cases, be individually 
positive, the sum total indicating a definite weight 
advantage for design type B. Even in the exceptional 
cases of very thin skins coupled with light load, and 
thick flat airfoil sections with optimum spar location, 
the positive value of the first group of terms may well 
exceed the small negative values that could possibly 
exist in the remaining two groups. Thus, it can be 
seen that, for most design problems, the stringer type 
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of structure is the most efficient weightwise as well as 
generally the most practical. 


Optimum Stringer Spacing 


The limitations of stringer design, as well as its 
advantages, are evident also from the basic area 
equations. It is only for fairly thick skins that a 
minimum weight design is obtained by having such close 
stringer spacing that all of the skin is effective in com- 
pression. Even though for most structures a stringer 
type of design may be lighter than design type A, 
there is an optimum stringer spacing, and, in many 
instances, weight economy is lessened as a result of an 
increase in the number of stringers, despite the utiliza- 
tion of additional effective skin area. 

From Eq. (2), the parameters involving stringer 
spacing and affecting weight are A, and . Therefore, 
the most efficient weight design is obtained when 


A" =n) A,(1 — 300 (4) 


is an algebraic minimum, where the effects of addi- 
tional stringers upon the other factors, /g and Ar®, can 
be assumed to be of second-order importance and 
therefore negligible. A weight advantage can thus 
be gained by reducing and adding more stringers when 


(t2/A,) > 0.0333[(F../Fes) — 1] 


a curve of which is plotted in Fig. 2. 

For the thinner skin gages, where a wide stringer 
spacing may prove the most efficient weightwise, 
practical limitations of panel widths must be employed 
to prevent undue buckling or oil canning and also to 
retain the couple arm advantage of stringer-type design. 


RIB STRUCTURE 


There are two general categories of ribs employed 
in wing structures. The first is the primary load dis- 
tribution rib, designed in every detail by the forces and 
reactions acting upon it. The other category includes 
those ribs and formers which are secondary in nature 
and whose functions can be outlined as follows: 

(1) Distributing the air loads to the spars. 

(2) Supporting and stabilizing the skin-stringer 
panels and reacting the wing flexural crushing forces. 

(3) Retaining the airfoil shape and surface contour. 

The bending stresses imposed upon ribs in conven- 
tional aircraft as a result of airloads are generally small; 
therefore, little or no variation in rib weight exists as 
a dependent upon rib spacing. The flexural crushing 
forces acting on the ribs are a function of stringer stress 
to the squared power while only linearly dependent 
upon rib spacing, as shown below. 

Ey 

Thus, large stringer stresses at close rib spacing may 
produce crushing forces upon the ribs equal to, or 
greater than, smaller stringer stresses at wide rib 
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Fic. 2. Stringer spacing efficiency curve. 


spacing. In practice, the crushing forces per stringer 
for all but very heavily loaded thin-winged aircraft are 
generally small enough so that moderate variations in 
rib spacing and consequently stringer allowables will 
not affect rib weight. 

In addition, because the air load and crushing forces 
are mutually opposed on the upper surface of the wing 
for normal flight, and since the crushing forces on the 
lower surface are distributed along the rib because the 
skin is fully effective in tension, the sensitivity of rib 
weight to rib spacing is further reduced. 


Importance of Rib Spacing 


Comparatively little attention with regard to design 
analysis is generally paid these secondary ribs, yet 
their importance in affecting optimum weight design 
is far from negligible. They are frequently overlooked 
in design considerations because the web gages utilized 
are generally standardized minimums with little or no 
weight variation with rib or stringer spacing. This 
very fact, however, of insensitivity of air-load rib 
weight to rib spacing, is what is of extreme significance 
in the determination of a minimum weight design. 

Quite often, the stress analyst and designer, in the 
pursuit of minimum structural weight, will attempt to 
obtain very high stringer column allowables in the belief 
that high allowables indicate less compression material 
needed, and, therefore, a lighter structure. 

Uniortunately, however, the smaller stringer area is 
usually compensated for, and very oiten overcom- 
pensated for, by the greater amount of rib weight 
saused by the reduced rib spacing which provides the 
higher stringer allowables. 
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Formed "Zee" Stringer 
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Fic. 3. Typical stringer types. 


OptTiMuM RIB SPACING 


The effective area that is dependent upon only 
stringer allowable and rib spacing from Eq. (2) is 


F., 
Al = = (A, + 3002) 


~ 


which should be kept to a minimum. For typical 
stringer types as shown in Fig. 3, it can be shown that 
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Fic. 4. Typical stringer column allowables. 
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minimum weight for all but heavy stringer design is 
often obtained with relatively large rib spacing, despite 
the reduction in F,,. 

Typical column curves for various stringer types are 
shown in Fig. 4.2. Stringer end fixity coefficients are 
assumed to be 1.5, therefore, 


Minimum weight rib spacing is thus a function oi 
the rib weight increase with large rib spacings as 
against the stringer weight decrease with smaller rib 
spacings and can be evaluated for any specific design 
problem. Even if loading and design conditions are 
such that equivalent structural weights are obtained 
with several rib spacings, the larger value is generally 
preferable. The correspondingly lower stresses will 
minimize problems of stress concentration, fatigue life, 
and permanent set, as well as result in smaller wing 
deflections, always a desirable feature. 


Formed ‘‘Zee’’ Stringer Design 


For light-gage formed stringers, used generally with 
fairly thin skins, relatively high compression allowables 
for close rib spacings are obtainable. Optimum rib 
spacing can be calculated with the following representa- 
tions and assumptions: 

Skin ¢ = 0.032-in. 75ST material. 

Spar cap allowable = 50,000 Ibs. per sq.in. 

Stringer spacing at approximately 6 in., n = C 6. 

Ribs, for illustration purposes, are conservatively 
assumed fairly light, since a heavy rib structure would 
only indicate the benefits of larger rib spacing for 
optimum weight design; therefore, Vp ~ St-C = 
0.160C. 

The stringer allowable curve for the critical area is 
represented by a straight line function, 


S = 8.2 in. S = 20in. 

l’/p = 25.5 I'/p = 61 

F., = 41,000 Ibs. F,, = 25,500 Ibs. 
per sq.in. per sq.in. 
F,, = 51,800 — 1,313(S) 


Eq. (5) can thus be rewitten as 
0.160C 
S 


— 1,313(S) 
(1) 


= + 0.031) 
90,000 


II 


0.160 
- 0.000407 — 0.0161 


Minimum weight rib spacing is obtained by setting 
the derivative of this function with respect to S equal 


to zero. 
— 0.160 


d 
: = ; 0.000407 = 0; S = 19.8 in. 


At a rib spacing of 19.8 in., F,, = 25,800 lbs. per 
sq.in.; therefore, only 60 per cent of the maximum 
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stringer compression allowable is utilized, and yet 
minimum weight design would be attained. Such a 
large optimum spacing reflects the assumption of con- 
stant rib weight regardless of rib spacing, true only 
for light-airplane design where air loads and stringer 
loads to ribs are small. If formers are used with such 
stringers, however, the former weight can be expected 
to increase with larger rib spacings. For the above 
example, the former volume for illustration purposes 
is assumed to vary linearly as follows: 


Vr’ = 0.0064C(S + 10) 
Eq. (5) would then be 


0.0064C(.S + 10) 


A’! = : + 0.000407SC — 0.0161C 


or 


= C{[(0.064S) + 0.000407S — 0.0097 | 


d(A’”’)  —0.064 
dS 
or S = 12.55in. For this condition, where the former 


weight is assumed to increase 50 per cent for S = 20 
in. over the value at S = 10 in., minimum weight would 
be attained at a rib spacing of 12.55 in. or where F,, = 
35,500 Ibs. per sq.in., only 83 per cent of the maximum 
allowable. 


Extruded Bulb Angle Stringer 


For the bulb angle shown, optimum rib spacing cal- 
culations can be demonstrated with the following 
assumptions: 

Skin ¢ = 0.051-in. 75ST material. 

Spar cap allowable = 55,000 Ibs. per sq.in. 

Stringer spacing at approximately 5 in. or m = C/5. 

Rib volume assumed constant at 4-fC = 0.204C. 

Eq. (5) can then be rewritten as 


0.204C Fes (‘) (0.126 + 0.078 
S 55,000 \ 5 


0.204 


These calculations are shown in Table |. 

Minimum weight design for constant weight ribs is 
thus attained at a rib spacing of 17.5 in. or where F,, = 
40,600 Ibs. per sq.in., 89 per cent of the maximum 
stringer allowable. If the rib volume were assumed 
arbitrarily to increase with length of spacing as Vp’ = 
0.0102C(S + 10), minimum weight would be obtained 
with ribs located every 14 in. and with F,, = 43,000 
lbs. per sq.in. 


= 


Extruded Hat-Section Stringer 


For the hat-section stringer, used generally with 
heavy skins and located such that the skin is fully 
effective in bending, calculation of optimum rib spacing 
can be illustrated with the following assumptions: 

Skin ¢ = 0.081-in. 75ST material. 

Spar cap allowable = 65,000 Ibs. per sq.in. 


STRUCTURES 


TABLE | 
Minimum Weight Rib Spacing; Extruded Bulb Angle Stringer 


Fe. A/c A"/C 
Con. Rib Wt. Var. Rib Wt. 

8.5 20.2 45 ,000 -.0093 -.0111 

10 23.7 44 600 -.0126 -,0126 

28.5 44 000 -.0156 -,0139 

15 35.5 42 500 -.0179 -.0145 opt. 
17.5 41.5 40,600 -.0183 opt. -.0140 
20 47.4 38 ,000 -.0179 -.128 


TABLE 2 
Minimum Weight Rib Spacing; Extruded Hat-Section Stringer 


Ss R/e Fes A" 
10.5 25 50,500 -.0788 
12.0 28.4 50,000 -.0795 opt 
14,0 33.2 48,700 -.0791 
16.0 37.9 45 ,800 -.O741 
18.0 42.7 43,000 -.0691 
20.0 47.3 40,000 -.0634 
1.0 
Stringer | | Lee | | | | | | ae 
| } | | 
J\ \ | | | 
| | | | 
| | | | 
ol + 
| | Pt 
| | | | 
| | | | ne 
| 
| | 
| | L | 
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Fic. 5. Optimum design stringer stress ratios. 


Stringer spacing for fully effective skin is 5 in., and, 
as m is the number of rivet rows and A, is taken as 
half the section area (A, = 0.1845 sq.in.), m = C/2.5. 

For such heavy construction, rib weight variation 
with rib spacing cannot be neglected, and, therefore, 
the rib weight is assumed to increase as Vp = 0.017C(S 
+ 10). 

Eq. (5) must be modified since the effective area 
between hat rivet lines is less than 30°. Therefore, 


(A, + 0.951 + 150) 


which can be reduced to 


A’”’ = C[0.017 + (0.170/S) — 0.222(10-5) F,,] 


Rib spacing for minimum weight can be calculated 
as shown in Table 2. Optimum weight design is thus 
attained with rib spacings of 13 in., with the stringers 
developing 49,300 Ibs. per sq.in. or 97 per cent of their 
maximum compression allowable. 


— 


| Plate Compression | 
| Allowable Stress | | 


uo 


b/t 


75ST. 


Fic. 6. Plate compression allowables 


The percentage of maximum compression or crip- 
pling allowable which is attainable in a stringer for 
minimum weight design is thus dependent upon the 
type of stringer employed and the panel load per inch 
upon the structure. Averaging the values previously 
obtained for the assumed rib weights and stringer 
spacings, a curve of optimum stress ratios versus load- 
ing can be obtained, as shown in Fig. 5. 


MULTISPAR DESIGN 


For such wing designs as lend themselves to the 
multispar type of structure by virtue of large axial 
loads per inch, minimum weight structure is attained 
by the optimization of the intermediate spar web thick- 
ness and the spar spacing. 

Although the intermediate spars are capable of 
transmitting wing shear and torsional forces, their 
primary function is to support the surface skins under 
wing crushing and air-load pressures, since nominal 
design of the front and rear spars of the conventional 
structural box generally results in sufficient strength 
for primary shear-carrying purposes. Optimum de- 
sign of these intermediate supporting spars, therefore, 
should be in the direction of the lightest spar structure 
capable of resisting the pressure forces, with thin stif- 
fened spar webs or very light corrugations ideally 
suited for the purpose. The effective thickness or 
required area per inch of the intermediate spar, fspers., 
for the crushing forces per inch of 


Pe _ (f)*(bt + Ac) 


SE E(h,/2 
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are 
2(f)?(bt + Ac) 
(Fey) Eh, 


Plate Compression Allowables 


tsdett. (6) 


For conventional wing designs, the skin shears from 
wing torque can be considered as secondary effects in 
comparison to the magnitudes of the primary axial 
forces. In general, flight conditions producing large 
wing torsions, such as rolling maneuvers, result also 
in somewhat reduced wing bending moments; there- 
fore, the combined effects are generally no more severe 
than the maximum axial load condition. For most 
designs, therefore, except for the root area of a swept- 
back wing where a component of the primary bending 
is converted to root torsion and where special panel 
allowable calculations for combined shear and compres- 
sion must be made, the effect of shears upon the plate 
compression allowable can usually be neglected. Due 
to flexural bending of an actual wing surface, however, 
normal or crushing pressures will exist in conjunction 
with the compression loading and should be considered 
in the panel allowables. 

The critical buckling stress for an axially compressed 
flat plate under various conditions of side and loading 
edge support has been the subject of considerable 
theoretical investigation. Typical buckling stress for- 
mulas take the form of 


- = = ( (reference 4) 
n 12(1 — u)? \b 


The maximum panel allowable F,, can be obtained 
from F,,./n for any structural material.‘ The coef- 
ficient K is dependent upon the panel edge conditions, 
varying from 4.0? for all edges clamped and a/b = 
to 7.0’ for sides clamped, loaded ends pinned, and 
a/b = 2.1. Conservatively assuming K = 3.7, and 
the parametric values of E = 10.5(10°) Ibs. per sq.in. 
and u = 0.3. The variation of F,, with b/t for 75ST 
bare plate in conventional wing structure is given in 
Fig. 6. 

The area per span = bt + A, + Asp, where A, is the 
intermediate spar cap area and A,, is the distributed 
area of the intermediate spar web per surface. 

The force per span is Q-b = F (bt + A,); therefore, 
b = F,A,/(Q — Ft). Taking the number of spans as 
C/b and Asp = tspetr.(hs/2), the total area is 


Ac 
= c| += | = 
) 


cy ) Ft 
‘ Ee (A, + Asp) 


c. Ae 
Ator + b (4) 


For thin airfoils, the ratio of spar height to structural 
chord can be approximated as follows: Maximum air- 


foil thickness to aerodynamic chord ratio = 8 to 10 
structural chord to aerodynamic chord 
ratio = approximately 50 per cent. 
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The average spar height, /,, of a contoured thin 
wing is therefore approximately 0.16C. The effective 
thickness of the spar web necessary to support the skin 
crushing forces will be dependent upon the skin thick- 
ness, varying approximately from 0.15¢ for thick skins 
to 0.20¢ for thin skins in practical design. The spar 
cap members are considered as effective compression 
material. 

The usage of the multispar type of structure is 
obviously limited to skins of sufficient thickness such 
that the supporting spars will not be impractically close 
together. 


Optimum Spar Spacing 

The optimum spar spacing is dependent upon the 
variation of F,, with b/t and also upon the spar web 
area. The skin thickness 


Q Ac_ Q A, 


- 
Pin b Fn 


Reducing the resulting quadratic equation, 


2 (b/t) 

Calculations for Q = 10,000, 20,000, 40,000, and 
60,000 Ibs. per in. are presented in Table 3, based on 
conventional design assumptions for A, and A, = 

A cutoff line for minimum 0)/t values exists because 
of the spar cap area that can carry sizable percentages 
of the axial load at close spar spacing. This is espe- 
cially true for relatively light loads per inch. 

For example, for Q = 10,000 Ibs. per sq.in., assuming 
A, = 0.20 in.? and A,, = 0.17 in.’, 6/t values of less 
than 27 are impractical and inefficient, since 

Fn)? — 4(A,/b/t)] < 0 
thus indicating the limitations of multispar structure 
for relatively light loadings. The information ob- 


tained from the tables can be summarized into design 
curves as shown in Figs. 7 and 8. 


TABLE 3 
Optimum Spar Spacing; Multispar Design 


| b/t | Fm | t | | | 
} Q*10,000#/in. | 27 56,500 | .177 | -10 | 2.97 | 023k | 
Ac «20 in.? | 30 | 53,000 169 | | b.26 222%Optimum | 
Asp * «17 in.? | | 
--- —4——- - —_—_ +-—-— —+— | 
Q = 20,000#/in. | 69,200 | .289 | 3015 | 2356 
Ac | 16 | 68,800 | .292 238 3.81 | 
Asp «21 in.? 18 68,000 | .29h | 250 | b.50 23L1-Optimun | 
20 | 66,000 | .303 | «265 5.30 2343 
2k 61,000 2328 | 7.22 0357 
30 53,000 | 377 | «359 | 10.77 2397 
Q = 10,000#/in. 69,200 | .578 | .532 7243 
Ac * 235 ine 16 | 68,800 | .582 | .5h3 8.69 -621-Optimum 
hen * 3h ine? | 28 | 68,000 | .588 | .553 9.95 2622 
20 | 66,000 2606 576 11.52 0635 
| 2b 61,000 656 -633 | 15.19 -678 
| 30 | 53,000 755 739 | 22.17 +770 
Q = 60,000#/in. | 12 | 69,500 | .863 -822 | 9.86 90h 
| Ac * ine? |} lb | 69,200 | .867 e831 | 11.63 2901-Optimum | 
| Asp in.? 16 | 68,600 | e642 | 13.h7 2902 
| 18 | 68,000 | .682 | .854 | 15.37 | .908 
20 66,000 | .909 | .887 | 17.7h 931 | 
| 2h 61,000 | .98h | .967 | 23.21 | 1.002 
| | 30 | 53,000 | 1.132 1.220 | 36.60 | 1.2h3 


Area of Minimum Weight LT 
1.0 
Spar Spacing, (b/t) 
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Fic. 7. Optimum spar spacing, multispar design area versus 
b/t). 
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Fic. 8. Optimum skin thickness and spar spacing versus loading 
per inch, multispar design. 


CONCLUSIONS 


For an overall wing, optimum design is thus a com- 
promise of many factors and variables. However, 
within the boundaries of airfoil size and shape set by 


| | | 
| 
wi | | | | 
| 
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TABLE 4 
Compression Area Calculations 


| A rot G = 30 in. } 
Q Won. Multi-rib Multiestringer Design Multi-spar 
Design " Extruded Extruded Design 
Hat 
500 1.593 1.531 
1,000 1.808 1.803 22226 
1,500 2.022 2.076 2.156 
2,000 20349 2.687 2.879 
3,000 2.895 3.321 | 
4,000 3.610 3.762 
5,000 4.072 4.203 
10,000 6.87 
20,000 10.621 10.23 | 
LO,000 18.60 | 
60,000 26.97 | 


aerodynamic considerations, or the requirements of 
specialized features of design such as ease of main- 
tenance or fabrication and operational cost, there still 
remains a sizable area of possible design variation in 
which it is the problem of the stress analyst to achieve 
minimum weight without placing structural integrity 
in jeopardy. This can be accomplished for general 
wing designs utilizing stringers, quite often at rela- 
tively low stringer compression stresses, with attendant 
benefits in structural rigidity and long fatigue life. 
For heavily loaded skin surfaces where the advantages 
of multiple spar design are manifest, minimum weight 
design can be attained by the proper balance of inter- 
mediate spar spacing and effective thickness. 
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Design Selection Curves 


variables 
dependent upon actual wing geometry, optimum design 


Because of the many parameters and 
selection curves can only be general in scope and can 
best be made with couple load per inch as an ordinate. 
The couple arm length between tension and compres- 
sion surfaces, which is important in determining the 
optimum type of design, cannot be included directly 
in such curves, as it is dependent upon the airfoil 
size, thickness, and contour and is numerically deter- 
While the 
curves are therefore not directly comparative, slight 
adjustments in the Q load per inch can readily be made 
for the varying lever arms with different types of 
design. For example, with a given wing bending 
moment, the couple arms for types C, B, and A will 
decrease respectively, with proportionate increases in 
the values of Q. For this reason the apparent weight 
advantages of multistringer design relative to multi- 
rib design or multispar design relative to both of the 
other types will not be as apparent in the curves as the 
specific calculations for a given design problem would 
demonstrate. 


minable only for specific design problems. 


The calculations for the design selection curves 
given below are based upon a structural chord width 
of 30 in. and can be made for any desired width or 
stringer and skin combination for which data are 
available. To facilitate demonstration of the method 
of design curve calculations, simplifying assumptions 
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Design selection curves, C = 30 in. 
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are made as required. 


W/l = QC. 


The couple load P is taken as 
Multirib Design, Type A.—The total area is 

(QC/F.-) — — Ct + Ar“ 


Assuming S 


A 
A tot. 


10 in. and Ag = 5tC/S = 0.5:C 


= (QC/F,.,) — + 


For ¢ = 0.032, and taking F,, = 70,000 Ibs. per sq.in. 


A 
A tot 


70,000) + 0.048C — 0.061 


\Jultistringer Design, Type B. 
area is 


The total couple load 


Fa. (n)[A, + 3002] + 
nA, — 6002 + Ct + Ar 


For 75ST spar cap material, F,, is assumed at 1.5F;, 
approximately, with a maximum limitation of 68,000 
Ibs. per sq.in. 


Formed ‘‘Zee’’ Stringer Design 

The optimum rib spacing is taken at 12.5 in., with 
F., = 35,500 Ibs. per sq.in. 

F,, is assumed at 55,000 Ibs. per sq.in. 

Calculations are based on a 
0.032 in. 

For the determination of optimum stringer spacing, 


skin thickness ¢ 


= (0.032)?/0.062 = 0.0165 
which, with 
F ../ Pes = 55,000/35,500 = 1.55 


indicates a weight advantage in wide stringer spacing, 
see Fig. 2. For practical purposes, the stringer spacing 
will be taken at about 6 in., or” = C/6. 

The effective rib area 


Vr a 0.0064C(12.5 + 10) 


Ar = = 0.0115C 
oo 
a) IC 


C 
(“) (0.062) — 0.062 + 0.032C + 0.0115C 
= C[(Q/55,000) + 0.044] — 0.062 


Extruded Bulb Angle Design 


The optimum rib spacing is taken at 14 in. with 
F., = 43,000 Ibs. per sq.in. 

F,, is assumed at 65,000 Ibs. per sq.in. 

The effective rib area 


Ve  0.0102C(14 + 10) 


A 


Calculations are based on a skin thickness of t 
0.051 in. 
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For optimum stringer spacing calculations, f°,A, = 
(0.051)?/0.126 = 0.0207, which, for F,./F., = 1.51, 


indicates a weight advantage in reduced stringer spacing 
so as to utilize more effective skin in compression. 
The minimum stringer spacing, using the conception 
of 30¢ effective width of skin, would be 30(0.051) 
1.53 in. 


As a practical minimum, a 2-in. stringer 
will be assumed; therefore, 1 PA 


OC 43,000\ /C 
(0.126 + 0.078) + 
65,000 65,0007 \2 


spacing 


C . 
(5) (0.126) — 0.156 + 0.051C + 0.0174C 
= C[(Q/65,000) + 0.064] — 0.156 


Extruded Hat-Section Design 


The optimum rib spacing is 13 in. with F,, = 49,300 
Ibs. per sq.in. 

F,, is assumed limited to 68,000 Ibs. per sq.in. 

The effective rib area Arp = 0.017C/S(S + 10) = 
0.030C. 

Calculations are based on a skin thickness ¢ 
in. 


0.081 


Because of its thickness, all the skin will be fully 
effective in compression for stringer spacings of ap- 
proximately 5 in. or less. A 5-in. spacing is assumed. 
For convenience in calculations, the stringer area is 
taken as half the section area in conjunction with each 


row of rivets. Therefore, A, = 0.1845 sq.in. and 
n = C/2.5. 
IC 
Aw = ( =) (n)(A, + 0.95¢ + + 
Pe. By 
: nA, — 60t2 — Ct + Ar 
"OC 49,300\ 
(= )( -) (0.1845 + 
68,000 68,0007 \2.5 
0.077 + 0.098) + (==) (0.1845) — 
2.0 
0.393 + 0.081C + 0.030C 
Aor? = C[(Q/68,000) + 0.081] — 0.393 
Area calculations based on the above assumptions 


for all types of structures considered are shown in Table 
4. Typical design selection curves for the types of 
structures considered for varying couple loads per inch 
are presented in Fig. 9. 
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Atterburners— 


Are They Worth While? 


FLOYD C. NEWTON* 
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SUMMARY 


Recent concern over the rising cost of an adequate ait force 
has provided an impetus and a challenge to aircraft designers to 
consider carefully each step in the design of every aircraft. 
Since the power plant plays a major role in this design, the 
decision to use a certain power plant warrants considerable at- 
tention. At the present stage of military aircraft development 
and with the advent of the afterburning principle, the turbojet 
seems the most suitable power plant to consider. The question 
then arises: Which is the better to use—the turbojet with or 
without afterburning? 

A general analysis is made of the problem for fighter aircraft, 
based on current data available on engine design and perform- 
ance and some basic aircraft design parameters. The results of 
the analysis indicate that, for a typical fighter with a design 
maximum level flight Mach Number of 1.5 at 35,000 ft. and a 
given military load, the power-plant configuration resulting in 
the lesser gross weight, and hence cost, is the basic engine without 
afterburning. 


INTRODUCTION 


Se OF THE PROBLEMS of weight, size, and cost of 
current and projected military aircraft and of the 
attendant problems of economy and logistics during the 
past few years has emphasized the growing need for 
exacting scrutiny of every phase of aircraft design. 
This is a challenge to engineering skill and design 
which must be met successfully, if we are to have the 
aircraft we need for superiority in the air without a 
strained economy. Since the power plant plays a 
major role in determining size and weight of an air- 
craft, the importance of choosing the correct power 
plant to meet the design requirements is obvious. 

As the afterburner is essentially a ram-jet engine 
attached to the basic turbojet, the afterburner thrust 
varies considerably with forward speed. As the for- 
ward speed is increased, the afterburning configuration 
becomes a more efficient thrust-producing device 
(Fig. 1). For the increasing speed requirements of 
current and future fighter aircraft, then, the after- 
burning engine provides a means of increased flight 
thrust without increased size (frontal area) but still 
retains the more desirable low-speed characteristics 
(with afterburner off) of the basic turbojet, such as 
essentially constant thrust with air speed for a given 
throttle setting and favorable specific fuel consumption. 


Presented at the Propulsion Session, Annual Summer Meet- 
ing, IAS, Los Angeles, July 15-17, 1953. 
* Aerodynamics Engineer, El Segundo Division. 


Any consideration of a power-plant unit should logically 
be based on a comparison of the smaller afterburner- 
equipped engine and the larger unaugmented engine, 
or possibly multiple units of smaller engines, for a given 
set of performance and military load specifications. 

In the interest of minimizing weight and cost and 
increasing the overall efficiency with which the combat 
aircraft is to accomplish its mission, the question often 
arises as to which power plant is better—the engine 
with the afterburner or the engine without the after- 
burner. 

For each particular application or set of design re- 
quirements a detailed study is normally made with 
engines contracted for or under development. The 
result of the study is an airplane configuration whose 
design is often compromised as a result of conflicting 
design requirements of military load, performance, 
engine availability, and aircraft size and cost. The 
application of the results to future aircraft design 
problems is doubtful and is usually inadequate to 
answer the general question or emphasize the basic 
problem: are afterburners worth while? Should con- 
siderable attention be given to developing afterburner- 
equipped engines? 

Because the results of these detailed design studies 
are insufficient to answer the general question, an ana- 
lytical approach will be made in an attempt to simplify 
and possibly generalize the aircraft design parameters 
upon which the choice of an engine with or an engine 
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without afterburning could be made. Current and 
projected engine design and performance character- 
istics will be utilized within the limits of unclassified 
security information. 


DESIGN REQUIREMENTS 


The selection of the better power plant, the one with 
or the one without afterburning, is based on the air- 
plane configuration of lower gross weight which fulfills 
For this 
study these design requirements are: (1) a maximum 
stabilized level flight speed of 1 = 1.5 at 35,000 ft., 
(2) a specified radius of action or combat radius, and 
(3) a military load or pay load of 4,000 Ibs. 

The first requirement is an arbitrary selection of a 
potential «high-speed requirement for present and 
projected aircraft designs. The attainment of sonic 
speed by operational aircraft appears to be not too far 
in the future and, hence, is, from a design standpoint, 
no longer of much In the higher Mach 
Number range (J = 2), any consideration of an opti- 
mum power plant would include a study of a ram-jet 
A Mach Number of 1.5, then, offers 
a point of particular interest in current design work 
and is consequently an opportune speed to use in 
analyzing the problem of which turbojet configuration 
is the better--the one with or the one without after- 
burning. 


the prescribed set of design requirements. 


interest. 


configuration. 


The second requirement, the combat radius, is not 
specified in terms of miles, since the object of this 
analysis is not only to determine the better power plant 
for a given radius of action but also to determine 
whether this power-plant configuration is independent, 
to some degree, of the actual radius. The combat 
radius is simply defined here as a percentage of the 
distance covered in a maximum-range cruise, after 
fuel allowance is made for a combat period at maxi- 
mum thrust; this is covered in detail in the next 


section. 
The third requirement is that the aircraft carry a 
specified military load. The basic configuration 


studied is to have a 4,000-lb. military load; however, 
the effect of alternate military loads on the results is 
also investigated. 

Note that other potential performance requirements 
such as take-off and climb are not specifically con- 
sidered. In order to keep the analysis completely 
general and independent of wing plan form or geo- 
metric characteristics, it is felt that this is appropriate 
and will not affect the results or applicability of the 
results by any substantial amount. A qualitative 
analysis of the relative take-off and climb performance 
for the afterburning and nonafterburning configura- 
tions is made in a later section. 


DESIGN PARAMETERS 


The combat radius is defined as a percentage of the 
turbojet maximum range where the maximum range is 
given by 


43 


(L/0) 
(L/0) AT M=1.5 
6 
COMBAT (L/D) 
2 


6——_ 
1 
6 8 1.0 1.2 14 1.6 
FLIGHT MACH NUMBER 
Fic. 2, Lift/drag ratio. 
a L 1 
c D 1 — (Wr/Wo) 
where 
R = range (nautical miles) 
a = speed of sound (knots) 
c = cruise specific fuel consumption (lbs. 


of fuel per Ib. of thrust) 


[.\(L/D)]| = Mach Number times lift/drag ratio for 


cruise 

Wr = cruise fuel = total fuel less combat fuel 
(Ibs. ) 

Wo = take-off weight (Ibs.) 


The radius is now defined as r = 0.4R, where r = 
(nautical miles). 


radius 


This means that the equivalent of approximately 20 
per cent of the possible maximum range fuel is allowed 
for take-off, climb, landing, and reserve, over and above 
the separate fuel allowance made for the combat period. 
The combat fuel allowance is the sum of two items— 
the fuel required to accelerate from the approximate 
climb speed to 95 per cent of the maximum speed 
(M = 0.95 X 1.5 = 1.425) at 35,000 ft. and the fuel 
used for a 15-min. combat period at the maximum 
speed. For the type of airplane configuration and 
maximum speed considered, a fairly representative 
climb speed of MZ = 0.9 is used throughout the study. 
The acceleration period is considered important in a 
study of this type and is included here to account for the 
significant difference in thrust variation with speed 
between the afterburning and nonafterburning engines. 
Considering the variation in specific fuel consumption 
with speed to have only secondary effects, then, with 
the postulated variation of thrust with speed at 35,000 
ft. as previously shown in Fig. 1 and the variation of 
lift/drag ratio as shown in Fig. 2, the fuel required to 
accelerate can be determined, once the weight and 
specific fuel consumption are known. It is likely that 
the cruise altitude will be above 35,000 ft. (and hence 
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a = 575 knots) and that a typical value for [1/(L/D)| 
would be 10. The radius equation then becomes 


2,300 
co (We/W) 


The drag and structural weight are dependent to a 
great extent upon the particular design and designer. 
For this study, the basic configuration has a structural- 
weight/gross-weight ratio of 0.4 and a combat lift/drag 
ratio of 4 at VW 1.5 at 35,000 ft. These are inde- 
pendent of aircraft size. The effects of other values 
of each of these parameters on the results of the study 
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are also considered. Here again, to keep the study 
completely general, the wing plan form and geometry 
are not specified. This allows the actual values of 
both the aerodynamic and structural design parameters 
to rest with the individual designer's ingenuity and the 
‘state of the art’ to which the engineering team has 
advanced. 


The one remaining and most important item to con- 
sider in order to find the solution to the power-plant 
problem is the design and performance of the engine or 
power plant. First of all, since the centrifugal-flow 
engines are of little interest at present, the basic tur- 
bojet engine considered is the typical axial-flow com- 
pressor type. An extrapolation of the trend curves 
shown in reference | to an arbitrary point 5 years from 
now gives a basic design point engine of 15,000 Ibs. sea- 
level static thrust (unaugmented) (Fig. 3). The cor- 
responding figure for specific weight based on the sea- 
level static design point is 0.36. The effects of engine 
size on the specific weight and specific fuel consumption 
are shown in Figs. 4 and 5. These figures are based 
primarily on the thorough study by Moyes and Pen- 
nington” but are modified to some degree for the smaller 
size engines to account for differences in British and 
American design practices in such things as strength, 
tolerances, and accessories. 


How does adding an afterburner affect the specific 
weight and specific fuel consumption? There appear 
to be almost as many answers to this question as might 
be desired, since the afterburner configuration is quite 
flexible and sensitive to variations in numerous basic 
engine and flight design parameters. The published 
additional weight attributed to the afterburner has 
varied from 10 per cent* to 30 per cent‘ of the basic 
engine weight. Since continued development should 
improve this weight picture, the afterburning-engine 
specific weights are based on the lower value shown 
above (10 per cent) and based on the sea-level static 
thrust with the afterburner inoperative. (As the re- 
sults show later, even this apparently favorable ap- 
proach to afterburning-engine weights has little sig- 
nificance. ) 

The afterburner performance is also extremely 
flexible, and the augmentation and the corresponding 
increase in fuel consumption are functions of many 
design variables of the basic engine, the afterburner 
configuration itself, altitude, and forward speed. Un- 
fortunately, there are few data published on after- 
burning performance. The following assumptions are 
made with regard to basic engine and afterburning per- 
formance for the design-point engine. 


(1) For the nonafterburning engine: 


(a) Sea-level static thrust is 5/3 of the maximum 
thrust at M7 = 1.5 at 35,000 ft. 


(b) Specific fuel consumption for maximum thrust at 
M = 1.5 at 35,000 ft. is 1.1. 


(c) Specific fuel consumption for cruise thrust, speed, 
and altitude is 1.00. 
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(2) For the afterburning engine: 

(a) Sea-level static thrust with afterburner inopera- 
tive is 3/4 of the maximum thrust with afterburning at 
MJ = 1.5 at 35,000 ft. 

(b) Specific fuel consumption for maximum thrust 
with afterburning at JJ = 1.5 at 35,000 ft. is 2.2. 
(This corresponds to a specific fuel consumption based 
on added afterburner thrust of approximately 4.5.) 

(c) Specific fuel consumption for cruise thrust, 
speed, and altitude is 1.03 (based on an arbitrary 3 
per cent increase over nonafterburning specific fuel 
consumptions to allow for losses associated with the 
flame holder, etc.) 

Only single-engined configurations are considered in 
this study. This should not affect the results to a 
great extent, however, since both the afterburning and 
nonafterburning configurations could be optimized and 
would probably vield the same relative comparison but 
at different gross weights and/or radii. Furthermore, 
any more than one power-plant unit per aircraft 
should logically entail a design layout for arrangement, 
and this in turn would involve wing plan form, geome- 
try, etc. The design simplification that is used in the 
study should be emphasized once again. 


(GENERAL PROCEDURE 


With the information previously given and the ad- 
ditional details below, the solution of the radius problem 
is fairly straightforward. The general procedure is as 
follows: 


1) For the specified military load and structure /- 
gross-weight ratio, the take-off weight is allowed to 
vary through the weight range of interest. 

2) The take-off weight is defined as the sum of the 
military load, structural weight, fuel and fuel-system 
weight, and power-plant weight, and hence from (1), 
the sum of the fuel-svstem and power-plant weights 
can be determined. 

(3) For a given combat lift, drag ratio and defining 
the combat weight equal to the take-off weight less 50 
per cent of the total fuel weight, the drag or thrust 
can be determined. This permits obtaining the cor- 
rection for engine size to the design-point specific 
weight and specific fuel consumption from Figs. 4 and 
5, respectively. 

(4) From (3) the power-plant weight can be found. 
(Both the afterburning and nonafterburning engines 
are installed for a weight of 10 per cent of the basic 
engine weight. ) 

(5) From (2) and (4) the fuel and fuel-system weight 
can now be determined. Based on a typical fuel- 
system weight of | Ib. per gal. of fuel, the total fuel 
available is also determined. 

(6) Since the total combat fuel is determined once 
the combat weight and specific fuel consumption are 
known, the fuel available for cruising flight and, hence, 
the combat radius can be determined. 


140 


MAXIMUM MACH NO=1.5 
I20}- |MILITARY LOAD=4000LB. 


(L/ =4 
190 Ws/Wo- x 
TAKE-OFF \ 
GROSS WEIGHT ‘ 


80}- 
(THOUSANDS 
OF POUNDS) 
60- / 


ENGINE 


° 100 200 300 400 500 600 700 800 900 1000 
COMBAT RADIUS (NAUT. MILES) 


Fic. 6. Take-off gross weight vs. combat radius. 


50 
MAXIMUM MACH NO.=1.5 
MILITARY LOAD =4000 LB. 
COMBAT L/D =4 
| 
STRUCTURE WT. 
GROSS WT. 
RATIO 
USE NON- AFTERBURNING USE AFTERBURNING | 
ENGINE CONFIGURATION ENGINE CONFIGURATI 
.35)- 
30% 1500 


500 1000 
COMBAT RADIUS (NAUTICAL MILES) 
Fic. 7. Effect of structural-weight /gross-weight ratio 


5000 
MAXIMUM MACH NO.=15 | 
COMBAT L/D = 4 
| 
4000F 
MILITARY 
LOAD 
(POUNDS) 
3000+ 
USE NON-AFTERBURNING USE AFTERBURNING 
ENGINE CONFIGURATIONY\/ ENGINE CONFIGURATION 
2000K | 
| 
10005 1500 


500 1000 
COMBAT RADIUS (NAUTICAL MILES) 
Fic. 8. Effect of military load. 


DISCUSSION OF RESULTS 


Fig. 6 shows the take-off gross weight with and with- 
out afterburning, for the basic configuration as a func- 
tion of the combat radius. The take-off gross weight 
of the afterburning-engine configuration for essentially 
the entire range of radii covered is higher by a sub- 
stantial amount than the gross weight for the non- 
afterburning configuration for the same radius. This is 
due primarily to the high fuel consumption of the 
afterburning engine at maximum power; the results 
show that the lighter augmented engine is not suf- 
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ficiently light to offset the fuel requirement for combat. 
This is true until an unrealistic fighter gross weight of 
approximately 60,000 to 80,000 Ibs. or a radius of ap- 
proximately 670 nautical miles is reached. At this 
point, the maximum radius of the nonafterburning- 
engine configuration is attained. It is particularly 
significant in this figure that the magnitude of the dif- 
ferences in take-off gross weight appears to be more 
than could possibly be saved even in a detailed layout 
for the afterburning-engine configuration. 

The relative comparison of afterburning and non- 
afterburning power plants is, of course, dependent upon 
the military load, combat lift/drag ratio, structural 
weight, and combat radius definition, as well as the 
assumptions used in defining those items. Conse- 
quently, each of these was allowed to vary independ- 
ently in order to evaluate its individual effects on the 
point in question. The results are shown in Figs. 
7-11 in the form of the combat radius for which each 
particular engine configuration results in the lower 
gross weight, as a function of the design parameter in- 
volved. The magnitude of the structural weight and 
military load as shown in Figs. 7 and 8 appears to have 
little effect on the results obtained for the basic con- 
figuration. This small effect is due primarily to the 
fact that the changes in either of these parameters 
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affect both the nonafterburning and afterburning con- 
figurations in the same manner and by approximately 
the same reduction in fuel available (or radius) at the 
same gross weight. 

The combat lift/drag ratio has a significant role in 
determining the better power plant (Fig. 9). As the 
combat lift/drag ratio decreases from a value of ap- 
proximately 3, the afterburning-engine configuration 
permits the attainment of a given radius at a lower 
gross weight than does the nonafterburning-engine 
configuration. This is due primarily to the compara- 
tively large engine weights for the nonafterburn- 
ing-engine configurations at the low lift/drag ratios. 

As expected, the comparison changes rapidly with 
the time allowance at maximum power—the combat 
time. The effect of a change in the combat time, or 
combat fuel requirement, is shown in Fig. 10. (The 
combat time shown on this figure is the time at maxi- 
mum speed—i.e., it does not include the acceleration 
allowance.) As the combat time is either increased or 
reduced from the 15 min. considered for the basic con- 
figuration, the nonafterburning configuration results in 
the lower gross weight, except for a relatively small 
range of radii. 

Both the lower combat lift/drag ratios and the lower 
combat times, as shown in Figs. 9 and 10, indicate that 
the afterburning-engine configuration would result in 
a lower gross weight for a given radius within a certain 
range of the design parameters. Fig. 11 shows the 
combined effect of a reduction in the combat lift/drag 
ratio and a reduction in the combat time to 5 min. 
Except for radii of approximately 300 nautical miles or 
less at a combat lift/drag ratio of 3, the afterburning- 
engine configuration results in the lower gross weight 
for all radius requirements at a lift/drag ratio of 3 or 
less. For combat lift/drag ratios higher than 3, the 
nonafterburning-engine configuration results in the 
lower gross weight. 

A few comments on the more important limitations 
in the study are now considered. First of all, no con- 
sideration is made of the possible differences in power- 
plant installations resulting from the use of the after- 
burning or nonafterburning engines, such as the rela- 
tive size of the two and corresponding changes in fuse- 
lage or wing structure to accommodate them. Along 
the same line, no consideration is made of the relative 
design and space problems of straight-, swept-, and 
delta-wing configurations for the same lift/drag ratio 
characteristics. Other potential performance require- 
ments such as take-off and climb are not specifically 
considered. In the method of analysis used, the stalling 
speed at the same take-off weight is considered con- 
stant, but no further consideration is given to take-off 
performance requirements. One point is mentioned 
here—for the same take-off weight, the sea-level static 
thrust for the afterburning-engine configuration is less 
than that of the nonafterburning-engine configuration; 
and, consequently, with the same stalling speed, take- 
off performance would be poorer for the afterburning- 
engine configuration. The same relative situation 
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exists when climb performance is considered. Here 
again, because of the relatively lower thrust at forward 
speeds other than at the design point at M = 1.5, the 
afterburning-engine-configuration performance will be 
poorer. In order to keep the analysis completely 
general and independent of wing plan form or other 
geometric characteristics it is believed that it is 
appropriate not to consider these additional per- 
formance items and that the general results obtained 
are not unduly compromised. 


CONCLUDING REMARKS 


Based on the results of this study, some general con- 
clusions can be drawn with application to the design 
of turbojet-fighter-type aircraft. It can be concluded 
that the combat lift/drag ratio is the one parameter 
that is most important in determining whether the 
afterburning-, or nonafterburning-engine configuration 
results in the lower gross weight for a fighter aircraft. 

Since the combat time and combat radius are ex- 
tremely important parameters, two types of fighter air- 
craft are considered—the interceptor fighter, which 
would probably have a short combat radius of ap- 
proximately 100 to 200 nautical miles and a combat 
period of the order of 5 min., and the escort fighter, 
which would probably have a combat radius ot the 
order of 300 to 500 nautical miles and a combat period 
of approximately 15 min. For a combat lift/drag ratio 
of the order of 3 to 4 or higher, the nonafterburning- 
engine configuration would result in the lower gross 
weight for both the interceptor fighter and the escort 
fighter. 
2 to 3, the afterburning-engine configuration would 
result in the lower gross weight for both the inter- 
ceptor fighter and the escort fighter. 

It is suggested that, if additional studies of this 
nature were made for other combinations of fixed de- 
sign requirements, the results of these studies would 
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show a fairly well-defined set of other boundary condi- 
tions that would limit the use of the afterburning or 
nonafterburning engines. Furthermore, if these studies 
were based on anticipated design and performance re- 
quirements of future fighter aircraft, an indication 
would be obtained of the engine size on which con- 
tinued development of both the basic turbojet and 
turbojet-plus-afterburner should be emphasized. 
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Design of the 


Hiller HJ-1, YH-32 Helicopter 


HARVEY HOLM: 
Hiller Helicog 


DESIGN EVOLUTION 


| end BASIC DESIGN of the Hiller-Hernet was evolved 
approximately 3 years ago, starting primarily as 
an engine development program. At that time, Hiller 
Helicopters, feeling that one future course for helicopter 
development was certainly in the direction of tip power, 
began work to develop a satisfactory ram-jet engine 
suitable for rotor tip mounting. The development of 
tip-mounted power plants to eliminate antitorque re- 
quirements, complex engine installations, and large 
power transmission systems was felt to be a major step 
in the direction of much to be desired helicopter simpli- 
fication. Previous work with pulse-jets, both valved 
and sonic, had indicated that considerable mechanical 
trouble was likely to be encountered in this field, and 
it was thus decided to concentrate on the ram-jet 
engine type even though the fuel flow rates then 
quoted for subsonic ram-jets were little short of shock- 
ing. 


The program started on a minimum basis with the 
manufacture of several prototype engines for test work 
and with the installation of an engine test facility, in- 
cluding a static stand and a small whirl stand, on the 
Company property in Palo Alto, Calif. Initial tests 
proved successful, and it was soon decided that a 
“flying test stand’’ was needed to test more adequately 
these rapidly evolving ram-jet engines. This “‘stand,”’ 
shown in Fig. 1, was built up and first flown in August, 
1950. As a helicopter, it represented the utmost in 
simplicity, having a rudder for directional control op- 
erated by “‘tiller’’ action of the collective stick, an over- 
head cyclic stick, a transmission consisting of three 
“V" belts driving a fuel pump, and a completely open 
cockpit. As a ram-jet test stand, however, it was 
quite satisfactory, and the majority of the development 
and tests for the next 2 years took place on this and sub- 
sequent ships (two more similar models were built 
within the next few months). 


These three ships, in addition to acting as engine 
test stands, also proved the basic design of the helicop- 
ter, and, when the military evaluation version was 
officially dubbed the HJ-1, these machines were classi- 
fied by the Company as the XHJ-1 ships. 
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ters 


DESIGN OF THE EVALUATION MODEL 


rhese test ships have now developed into the HJ-1, 
YH-32 class helicopter, as shown in Fig.2. This model, 


while in some ways considerably changed from the 


original XHJ-1 version, still retains many of the de 
sign features developed during the early test period. 
Changes made in the conversion of the evaluation ver- 
sion have been predicated, for the most part, on the 
results of previous experience and on suggestions by 
military personnel. The major aim in all cases has been 
to maintain the simplicity that we believe to be possible 
with this style helicopter. 


Engines 
As an example of the simplification gained using this 
type of power plant, a cutaway view of the engine 


shown in Fig. 3 pictures the entire installation. In the 
interest of holding the overall length of the engine to 


Fic. 1. Flying test stand—Hiller model XHJ-1. 
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a minimum, all components have been held as short as 
possible. The fuel spray nozzle, pointing forward, is 
located just inside the inlet. The diffuser is short with 
a rapid expansion rate, and the flameholder is located 
well forward of the engine midpoint. The burning sec- 
tion and the short nozzle complete the engine. 

This engine is manufactured from Inconel X, a high- 
temperature nickel-base alloy that is well suited for 
this use but which presents some manufacturing prob- 
lems in forming and machining. The major develop- 
ment problems to date, in addition to manufacturing 
techniques, have been with starting and reignition from 
an operational point of view and with flameholder life 
from a structural point of view. These problems have 
been, to a large extent, overcome at the present time 
and will be finally corrected prior to engine certification. 


Rotor System 


The engines are mounted on either end of the rotor 
blades by means of two flush bolts. The rotor blades 
themselves are also manufactured by Hiller and are of 
an all-metal riveted and bonded construction. Blades 
of this type were used on the XHJ-1 ships and were 
satisfactory. The HJ-1, YH-32 blades have only mi- 
nor modifications over these test blades, and static tests 
to date have shown satisfactory margins of safety. No 
fatigue tests have yet been completed. 

The rotor system is generally similar to other Hiller 
models, the Hiller Rotor-Matic control, of course, taking 
a major part. The isolation of the rotor system is ac- 
complished by a Lord Mount as shown in Fig. +. This 
installation is again identical with that previously 
tested on the XHJ-1 model. 


Cockpit Arrangement 


Fig. 5 shows the cockpit arrangement. This is one 
of the major changes made in the military version from 
the test ships. The overhead stick has been exchanged 
for a floor stick; the tiller action of the collective stick 
has been replaced by rudder pedals; the cockpit width 
and length have been increased; and the seating ar- 


rangement has been improved. This cockpit is now in 
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conformity, except for width, with the standard helicop- 
ter cockpit from the Handbook of Instructions for Atr- 
craft Designers. The instrument panel, shown in the 
inset in Fig. 5, indicates again the simplicity of the ship. 
Only six instruments are required. 

This ship is designed to be flown as a single-place ship, 
as a two-place ship with dual controls, and as a litter- 
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bearing helicopter with the canopy removed and the 
litter installed on the left-hand seat. 


Controls 


The pilot position is normally on the right side, and 
the flight controls for the copilot or student are designed 
to be easily installed and removed from the left-hand 
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Fuel system installation. 
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seat position. The controls used with this model are 
conventional, being actuated by push-pull rods in the 
cyclic and collective systems and by cables in the tail 
rotor system. <A conventional twist-grip throttle is 
located on each collective stick. 


Mechanical Drives 


As indicated in Fig. 6, the transmission normally 
found in an internally powered helicopter is here re- 
placed by a system of belts and angle drives, the gear 
box used actually being that which drives the cooling 
fan of the Hiller H-23B, HTE-2 helicopter. Since 
there is essentially no rotor torque to overcome, the 
normal power required for the tail rotor is small, and the 
total auxiliary power driving the magneto, fuel pumps 
(dual), and tail rotor is but a small portion of the total 
power. The starter drive unit, which uses the same 
transmission system for rotor starting, is actually the 
designing criterion for the entire system. A hand starter 
is provided with the ship, as well as an auxiliary power 
starter drive system. The time required to accelerate 
the rotors to normal r.p.m. is approximately 5 
min. 


Fuel System 


One of the places where this type helicopter differs 
from the conventional ship is in the design of the fuel 
system. This system, as shown in Fig. 7, is relatively 
simple and conventional until the rotor itself is reached. 
Here, the first problem is the transmission of the fuel 
through a rotary seal at the rotor. Then, since a 
single fuel system is used for both engines, a ‘“‘splitter 
tee’’ is installed at the rotor head to ensure adequate 
separation of the flow to each engine. In addition, a 
centrifugal governor is installed to assist the pilot in 
maintaining constant r.p.m. during flight. 

Another item that is built into any tip-mounted sys- 
tem is the rotor pumping action. This action main- 
tains a pressure at the engine which varies with rotor 
r.p.m. and may be as high as 2,500 lbs. per sq.in. even 
though only 25-40 Ibs. per sq.in. pressure is developed 
by the rotor-driven pump. This pumping action re- 
sults in a continuous vacuum at the inboard end of the 
rotor blade. Difficulty due to lag and overshoot of the 
governor is encountered during rapid changes in power 
requirements because of the high pressures and the 
storage capacity of the blade fuel lines. 


Tail Boom and Canopy 


For the Model HJ-1, YH-32 the canopy and tail- 
boom coverings are extensively Plexiglas and Fiber- 
glas. The Plexiglas windshield and Fiberglas canopy 
are nonstructural installations used for cabin enclosure 
and fairing purposes. 


The Fiberglas tail boom is a 

As shown in Fig. 8, this boom 
is built up almost entirely of Fiberglas details, all made 
This part has given the most trouble in 
the manufacturing program to date because of the new- 
ness of the technique. 


built-up structural part. 
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Various test parts and samples have been built up, 
several different impregnation methods and materials 
have been investigated, and different ‘lay-up’ tech- 
niques have been tried. At the present time the 
method of manufacturing detail parts and of assem- 
bling them into a complete tail boom appears to be estab- 
lished and to be satisfactory. 


Tail Rotor 


This Fiberglas tail boom has replaced the welded 
aluminum tube structure that was used on the original 
test ships. Another change in the same area has been 
the replacement of the original rudder with a more con- 
ventional tail rotor. The rudder, used on all three of 
the original ships, was found to be adequate under 
nearly all flight conditions except for landings with re- 
duced rotor r.p.m. and for hovering flight in relatively 
large cross winds. 

The tail rotor, now installed, easily fulfills the re- 
quirements for ease of control, satisfactory rate of turn, 
and good flight characteristics in hovering flight. As 
shown in Fig. 9, the tail rotor is built up as a belt-driven, 
single-bladed, counterweighted rotor. This design was 
adopted to permit control simplification and some 
weight-saving. Initial concern about adverse vibra- 
tory characteristics has not been proved out on the 
test instailation. 


Skid Gear 


Another change made from the first XHJ-1 ships 
flown was the conversion from the tricycle gear to a 
skid-type landing gear. It is felt that this will improve 
the ability of the craft to land in rough terrain. In ad- 
dition, the transfer of the power plant from the body 
of the ship up into the rotor system tends to move the 
center of gravity upward so the skid gear imparts a 
greater landing stability than would be available with 
the wheel-type gear. 

A major departure, so far unsuccessful, was attempted 
in the design of the cross tubes for the skid gear. 
An attempt was made to build up glass tubes out of 
Fiberglas laminate. Design studies actually show con- 
siderable weight-saving can be realized with this type 
of construction. Tubes manufactured by Hiller and 
by several outside vendors have so far shown promise, 
but none has been completely successful. Results of 
static and drop tests have indicated that the major 
problem with all tubes to date has been a variation in 
physical properties and in the quality of the bond which 
could not be adequately controlled. 

For the present, steel cross tubes have been tested and 
released for installation on the first ships. However, 
tests of the Fiberglas tubes are being continued with 
every sign that ultimate success is possible. 

Other portions of the helicopter, the basic frame, fuel 
tanks, furnishings, etc., are quite conventional and re- 
quire no description. Manufacture and assembly of 
this evaluation model is expected to prove to be an ex- 
tremely simple process once the tooling and processing 
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Fic. 8. Tail-boom assembly. 
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Fic. 9. Tail rotor installation. 
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Fic. 11. Flight-vibratory helicopter—instrumentation 


Fic. 12. Main rotor-blade fatigue test jig. 


Fic. 13. Static test of tail boom. 


is established. Early hopes of design and manufactur- 
ing simplification, due to the nature of the design, seem 
to be borne out by the rapidity with which assemblies 
are being made in the Hiller shop. 


TEST PROGRAM 


Although many hours of test work on the early test 
ships, and particularly on the engines, were done prior 
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to the start of this program, a whole new field of testing 
was entered with the advent of the HJ-1, YH-32 model 
helicopter. 

As an initial item, this turned out to be the first 
helicopter with rotor tip propulsion to be brought be- 
fore the Civil Aeronautics Administration for certifica- 
tion and, as such, posed many unfamiliar problems. 


Engine Testing 


The first question was whether the engines should be 
certificated separately and then as an installation, 
which is conventional, or whether they should be certifi- 
cated directly on the ship since the method and nature 
of the installation has so much greater an effect on the 
tip-mounted engine than it does on a more conven- 
tionally mounted engine. It was decided, however, 
that the engines would be certificated separately, as 
usual, so Hiller Helicopters is now faced with the dual 
problem of certificating a helicopter and, simultane- 
ously, an engine. 

The engine tests, now underway, occur in two parts. 
The first part consists of structural substantiation and 
is conducted on the engine whirl stand, shown in Fig. 
10, with the engine being driven through a repeated 
series of conditions designed to substantiate the engine 
structure for a given number of hours. The second 
portion of the testing consists of establishing the opera- 
tional characteristics of the engines, and this work will 
be done on the ship during actual flight tests. 

One final item of interest in the engine certification 
program is the problem of establishing an engine power 
curve for each engine series which may be used for cal- 
culations of helicopter performance. The question 
here arises of how to take static test stand data and 
correct for all of the effects of contamination, drag loss, 
etc., which differ from the operating whirling condition, 
so that this data may be used for the establishment of a 
helicopter “‘in-flight’’ power curve. A method of doing 
this and of correlating these data with flight-test infor- 
mation has been developed by Hiller and will be used to 
accomplish this work on the present ship. 


Flight-Vibratory Testing 


Another item of extreme importance in the test pro- 
gram is the “flight-vibratory”’ test. This test is made 
only to determine the loading characteristics of the ro- 
tor system. In the case of the HJ-1, YH-32 certifica- 
tion, this test has been expedited slightly by converting 
one of the original XHJ-1 ships into a flight-vibratory 
model. The major change made here was the installa- 
tion of an HJ-1 rotor system on the XHJ-1 ship and the 
conversion of some other minor items such as replacing 
the tiller control with conventional foot pedals and the 
installation of the tail rotor. 

This ship is now being instrumented for flight testing. 
As can be seen in Fig. 11, the instrumentation has de- 
veloped into a major project. In addition to the oscillo- 
scope, accelerometer, and other instruments normally 
carried for these flights, there is also a complete photo 
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panel installed to replace an observer. This photo 
panel will record the readings of 14 different instru- 
ments simultaneously, thus reducing the work of the 
flight observer to a minimum. 

The installation of strain gages on the test blades for 
this ship has been something of a problem. As men- 
tioned before, the blades are built by Hiller and have 
not been previously tested. Since they are of all-metal 
construction, this means that strain readings must be 
taken every few inches along the blade to determine ac- 
curately the stresses existing along the blade. This in- 
stallation has resulted in the creation of a fairly ‘‘dirty”’ 
airfoil with which the ship must be flown. To date, 
however, good luck has been had with the flight testing 
of the ship, and only a few strain gages have been de- 
leted for unsatisfactory service since the testing of the 
ship was started. 


Blade Fatigue Testing 


Following the completion of all flight-vibratory test- 
ing, the data will be reduced and the results used to 
establish proper loadings for the blade fatigue tests. 
These tests are also a little out of the ordinary since the 
extremely high centrifugal loads developed by the en- 
gine installation at the blade tip require a fairly elabo- 
rate setup to duplicate. The blade fatigue jig used to 
test two blade root sections at one time is shown in 
Fig. 12. 


Tail-Boom Tests 


The tail-boom installation, being a somewhat un- 
known structural quantity, was static-tested to de- 
termine its structural limitations. The test setup is 
seen in Fig. 13. All the critical loads on the tail boom 
were duplicated up to ultimate loads, and then the 
most critical loading condition was continued to de- 
struction of the boom. 


An interesting aspect of this test is that it was per- 
formed on a tail boom built up with one less layer of 
Fiberglas cloth than the drawings called for, and the 
success of the test permitted a change to be made and 
some weight-saving to be accomplished. 

Other routine testing, such as castings tests, endur- 
ance tests, and performance tests, will be run in the near 
future, but the tests just described cover the major items 
of interest. 


FUTURE PROGRAM 


Just as the XHJ-1 ships were built to evaluate the 
engines to be used for tip mounting, so the HJ-1 
YH-82 model is now being built to evaluate the whole 
concept of tip-mounted ram-jet power for helicopters. 
It is felt that the potential of the Hiller-Hornet design 
concept is unlimited and that the quickest way of de- 
termining the proper procedure to use in order to take 
advantage of this potential is to build and fly models 
of that general type. Thus, the HillersHornet is now 
being built for evaluation both in its own right and as 
a concept of possible future designs. 

The placing of these ships in the hands or the Mili- 
tary for evaluation will quickly prove the claims of 
lower maintenance and lower cost made for this type of 
helicopter, just as the manufacturing of these first 
ships has proved, to us, the claims of simplicity and ease 
of manufacture. 

It is our feeling that the Hiller-Hornet will be a good 
proving ground for the philosophy of tip-powered heli- 
copters and for the philosophy of ram-jet-powered 
helicopters, and, to this end, we have done all in our 
power to make the ship truly representative of its kind. 
With what we have today and what we expect to have 
tomorrow, we feel a substantial addition has been made 
to the art of helicopter design. 
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Spreading of Supersonic Jets in Supersonic Streams 


JOHN G. WILDER, Jr.,t and KENNETH HINDERSINN? 


Cornell Aeronautical Laboratory, Inc. 


ABSTRACT 


The behavior of subsonic and supersonic jet streams exhausting 
into a supersonic stream has been investigated experimentally in 
a small supersonic wind tunnel. The rate of spreading of the jet 
was determined over a wide range of flow conditions, and a 
correlation of the experimental results with a theoretical analysis 
is made. The theoretical analysis for the prediction of jet spread 
includes two empirical constants that were evaluated by means 
of the experimental data. Having evaluated these constants, it 
is possible to predict the spread of a supersonic jet exhausting 
into a supersonic stream with engineering accuracy within the 
limits of the experimentation reported herein. 

The effects of normal and oblique shocks in the tunnel, inclina- 
tion of the jet stream to the tunnel stream, and wakes in the 
tunnel stream on behavior of the jet stream were also studied ex- 
perimentally. The particular condition that promoted the most 
rapid mixing and, therefore, the most rapid deterioration of the 
jet stream was that of passage through a strong normal shock 
which traversed the tunnel supersonic stream. The rapid dete- 
rioration of the jet stream under these conditions appeared to be 
the results of the upstream propagation of pressure signals through 
the subsonic jet stream and were of the general nature of shock- 
boundary-layer interaction phenomena. Similar, though lesser, 
effects occurred in some cases with supersonic jets in the super- 
sonic stream. 


INTRODUCTION 


W™ THE ADVENT of jet propulsion, the behavior of 
a jet stream after leaving a nozzle and the in- 
fluence of the surrounding medium on the jet stream 
have become of paramount interest to the wind-tunnel 
designer who must plan tunnels capable of testing 
operating jet engines. Although a considerable amount 
of data was available on low-speed jets, particularly 
for unheated jets exhausting into still air,? almost no 
data were available on heated subsonic and supersonic 
jets exhausting into a supersonic stream, under con- 
ditions at least approximately simulating those which 
would be encountered in a propulsion wind tunnel. The 
research program reported herein was aimed at provid- 
ing some data of use to the designer within this regime 
that, having been of little practical interest before, had 
been almost wholly ignored. 

Probably the most difficult single problem faced by 
the designer of a modern propulsion wind tunnel is that 
of the removal of almost all of the products of combus- 
tion of an operating jet engine from a closed-return 
supersonic tunnel without lowering the tunnel diffuser 
efficiency appreciably and without causing undue aero- 
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dynamic effects on the model being tested, while at the 
same time restricting the pumping power required for 
the scavenging system within tolerable limits. It is 
apparent that the above briefly outlined design criteria 
demand a precise knowledge of the jet-stream behavior 
after it leaves the nozzle, and, since wind-tunnel con- 
tamination by exhaust products is of primary concern 
in any propulsion wind tunnel, the transfer of mass from 
the jet stream to the tunnel stream was actually the 
prime measurement required. This measurement is a 
difficult and laborious one to make by direct sampling 
techniques, and so it was desirable to determine whether 
any of the usual aerodynamic measurements of static 
pressure, total pressure, and total temperature could be 
used to obtain equivalent information. Low-speed 
theory and experiments suggested that the transfer of 
total temperature (energy) would be similar to that 
of mass but that both would differ from the transfer 
of momentum (as shown by the jet velocity profile). 
Early exploratory experimentation revealed that, while 
total temperatures and pressures could be measured 
in the streams and in the mixing region with an accepta- 
ble degree of accuracy and reproducibility, static pres- 
sure measurements were on the whole unreliable, due 
to the presence of shock waves and such discontinuities 
throughout the supersonic flow field. This, naturally, 
precluded the possibility of measuring velocity profiles 
with any confidence. It was then desirable to compare 
jet-spread data as determined from stagnation tempera- 
ture surveys with those resulting from direct sampling. 
The sampling data were obtained using a special model 
setup in which 100 per cent of the jet stream was CO, 
and the tunnel stream was air. Samples were extracted 
at various traverse points at each of five longitudinal 
stations downstream of the jet-nozzle exit. These 
samples were then analyzed for per cent CO, content in 
order to determine the degree of mixing. Comparison 
of these data with those determined from total tempera- 
ture measurements is made in Fig. 1. In this figure, the 
points noted as being from a T analysis were computed 
in the following manner. 

Define 8, as the per cent of jet mass present in any 
given sample, or, 


Bm = ™m,/(m, + mp) 


where 
m, = mass flow from the jet nozzle 
Ms: = mass flow from the tunnel stream 


Then, on the assumption that energy and mass transfe1 
are similar, 


(m, + = mT, + 
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Bm = — 12)/(11 — Tr) = Br 


The Mach Numbers (and velocities) of the respective 
streams compared in Fig. 1 were not the same, being 
M, = 2 and M, = 1.78 for the sampling analysis and 
M, = 1.98 and M2 = 1.4 for the temperature or heat- 
transfer analysis. In both cases, however, the primary 
nozzle pressure was adjusted for full expansion. All 
experimental data gathered in this research indicate 
that this difference in the initial Mach Numbers would 
have little effect on the rate of jet spread for the regions 
having constant velocity cores considered here. A study 
of the figure indicates that the mass distribution is 
measured by the two methods within about 5 per cent 
of each other. This difference is within the experi- 
mental accuracy of the sampling technique employed. 

It should be mentioned that the inherent errors in- 
volved in the temperature-measuring technique (i.e., 
heat transfer through the uninsulated jet-nozzle walls to 
the boundary layer on the outer sides generated by the 
tunnel stream) should make the data conservative, inas- 
much as it would result in the production of a wider 
spread than actual mass transfer would give. 


NOTATION 
bp, p = stagnation or total temperature 
T,7T; = stagnation or total temperature 
p = pressure (static) 
p = density 
u = velocity 
M = Mach Number 
m = mass flow 
x,y = coordinates 
‘'T = radius of jet stream for Br = 0.5 
a = distance from jet-nozzle exit to fictitious source 
L = a characteristic length 
= m/(m, + me) 
Br = — = 
€ = experimental coefficient 

é = a function defined as = JS e dx 
a = shock angle 
0 = jet-spread angle 
¥ = ratio of specific heats 
K,b,c = constants 
Subscripts 

0 = undisturbed secondary stream 
1 = primary or jet stream 
2 = secondary or tunnel stream 
X = conditions upstream of shock 
Y = conditions downstream of shock 
A 


= average 


DESCRIPTION OF EXPERIMENTAL APPARATUS 


Cornell Aeronautical Laboratory’s suction-type two- 
dimensional supersonic wind tunnel was used to gen- 
erate the ‘‘secondary” or tunnel stream. The open in- 
take of the tunnel facilitated the insertion of a small 
two-dimensional nozzle to generate the jet (primary) 
stream (Fig. 2). The general arrangement of the 
major components of the experimental apparatus is 
shown in Fig. 2. The primary or jet nozzle was can- 
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tilevered such that the portion of the nozzle in the sonic 
and supersonic regions was free of any supporting struc- 
ture, thereby eliminating any shock waves or discon- 
tinuities resulting from the primary nozzle other than 
those originating at the nozzle exit. Air under ordinary 
room conditions was employed as the_medium of the 
secondary stream. The primary stream was air ob- 
tained from the Laboratory high-pressure line and 
heated. 

Five tunnel blocks of two-dimensional design were 
used to provide the supersonic secondary streams. 
These tunnel blocks produced Mach Numbers of ap- 
proximately 1.2, 1.4, 1.7, 1.8, and 2.0. The M = 2.0 
block was used only in the normal shock studies. The 
test section area of these nozzle blocks ranged from 
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about 9 sq.in. to about 12'/; sq.in. All sections had 
provisions for the installation of 6'/2-in. diameter glass 
discs in the side walls for observation and schlieren 
studies and for the insertion of survey probes through 
the top wall. 

Four small two-dimensional nozzles were used to 
generate the primary or jet stream. These nozzles had 
identical exit dimensions of 0.348 in. by 1.00 in., and 
the throat areas were varied to produce Mach Numbers 
of 1.0, 1.4, 1.8, and 2.6. Subsonic primary Mach 
Numbers were obtained with the JJ = 1.0 nozzle by 
throttling the primary stream pressure below the 
critical. For the oblique shock studies, a wedge with a 
15° included angle was mounted on spacers (to clear the 
boundary layer) on the bottom of the test section. The 
design shock angle for the particular tunnel Mach 
Number was 50°, and an angle of 52° was actually 
measured. Two sets of wake-producing blocks were 
used with the J = 1 and the JJ = 2.6 primary or jet 
nozzles to study the effect of wakes on rate of mixing 
and jet spread. Each set contained two blocks, one 
with a base dimension of 0.54 times the jet-nozzle depth 
and the other with a base dimension of 1.0S times the 
jet-nozzle depth. In the experiments, these blocks were 
attached to the outer wall of the jet nozzle with the base 
in the plane of the nozzle exit on one wall only (i.e., an 
asymmetrical configuration was employed). ‘Iwo sets 
of curved extensions for the .1/ = 1.0 and J/ = 2.6 jet 
nozzles were used to produce jet streams inclined with 
respect to the tunnel stream. Each set contained two 
extensions: one producing a jet stream inclined at a 10 
angle with respect to the tunnel stream and the other 
producing a jet stream inclined at a 15° angle. 

The working medium for the jet stream (except for 
the sampling tests using CO.) was air from the Labora 
tory compressed-air line which was heated by means ol 
a 50-kw. resistance-type electric heater. Regulation ol 
the jet-stream total pressure was achieved by the use of 
a Climax Engineering Company pressure regulator when 
the total pressure was greater than atmospheric. For 
primary stream total pressure less than atmospheric, 
the jet-nozzle supply line was opened to the room up 
stream of the electric heater. It was then possible to 
set any pressure less than atmospheric by means of a 
simple throttling valve. Temperature regulation was 
achieved by using a Leeds and Northrup Company 
temperature regulator to control one of the three re- 
sistances in the 50-kw. heater, the two remaining re- 
sistances being controlled manually for gross changes in 
airflow rate through the heater. Using the system de- 
scribed above, it was possible to maintain the stagna- 
tion temperature to within +2°F. 

To supply the CO, for the sampling tests, a bottle 
farm feeding a manifold was employed so that commer- 
cially available CO, bottles might be used. In these 
tests, no heating of the CO. was attempted. The 
“bottle farm’’ method was satisfactory and inexpensive 
for tests of short duration but would become extremely 
expensive for any systematic broad experimentation, 
such as that done with heated air. 
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Pressure and temperature surveys were made with 
conventional single-tube probes utilizing a double-wedge 
section support or shank such that waves induced by 
the probe support would be attached to the shank at 
practically all stream Mach Numbers, except the very 
low supersonic values. It was necessary to use the 
single-tube probes as no rake could be conveniently 
made small enough to avoid choking the small tunnel. 
\ standard-height gage clamped to the top of the tun- 
nel positioned the probe within the stream accurately 
to within 0.001 in. A Brown temperature indicator was 
used for the temperature surveys, while standard mer- 
cury manometers and pressure gages were used for the 
pressure surveys. The remaining apparatus consisted 
of a conventional schlieren rig with a= still cam 
era 


ANALYSIS OF TURBULENT MIXING DaTA 


Pai developed a theory' for the prediction of the two- 
dimensional jet mixing of compressible fluids. The 
theory was derived basically for the case of laminar 
motion, and it was suggested that, for turbulent flow, 
the molecular coefficients of viscosity and heat conduc- 
tivity be replaced by empirical coefficients of eddy vis- 
cosity and conductivity. The basis of this suggestion 
was, of course, that some degree of success in analyzing 
low-speed jet mixing had been attained in this man- 
her, 

Pais work centered on the jet velocity profile. 
\s explained in the Introduction, it was found experi- 
mentally that the most feasible measurement of jet 
spread was in terms of total temperature. It is, there 
lore, necessary to transform Pai’s equation for jet mix 
ing somewhat if a correlation between experiment and 
theory is to be found. In Appendix A of reference 4, an 
equation for predicting jet spread of the same form as 


Pais but in terms of stagnation temperatures is de 


1 


veloped and appears in final form as 
OT /Ox = 


he boundary conditions are: 


iy = secondary stream velocity 

1, = secondary stream total temperature 
4; = primary stream velocity 

/; = primary stream total temperature 


r=T,-1<y<1 \, 


Ey. (1) with the boundary conditions of Eq. (2) is 
similar to the diffusion equation or the equation of heat 
flow in solids, except € is a function of x. A change of 
variables puts the equation in a form for which a solu- 
tion is known. 


= Jf edx, and Eq. (1) becomes 


OT = (1/u)(0?T Oy") (3) 
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The boundary conditions of Eq. (3) are the same as 
those of Eq. (1). The solution of Eq. (3) with the 
boundary conditions of Eq. (2) is 


l—y 
Br = o(— +¢ (4) 
V 48/ V 


where 
or = (7 T» = 
and 
o(T) = e dz (Gauss’ error integral) 
V xr 


When 1 V > 2.5, one of the error integrals is 
approximately equal to 1.0 for any value of y, and, at 
y = O, both error integrals are approximately equal to 
1.0 (e.g., 8 = 1.0 for the core region). This is the mathe- 
matical representation of the fact that in this case, the 
two sides of the jet behave like independent interfaces. 
Thus, for the analysis of the core region, Eq. (4+) may be 
simplified to: 


1 — 
= ) +] (5) 
Uo 


The boundary conditions employed in the mixing analy- 
sis are based on the assumption that the jet exhaust is 
parallel to the nozzle exit and extends downstream un- 
disturbed by external forces. In reality, this condition is 
rarely satisfied. The jet boundary may be subject to 
displacement by one of several factors (e.g., pressure 
differences between the primary and secondary streams, 
nonparallel flow at the nozzle exit, and interaction of 
shock waves and the jet). 

To correct this, the assumption is made, subject to 
experimental verification discussed later in the paper, 
that the mixing process can be simply considered super- 
imposed on whatever displacements of the jet boundary 
occur because of gasdynamic effects or other causes. 
In Eq. (4), according to the boundary conditions of 
Eq. (2), y = 1 corresponds to the undisplaced jet 
boundary; in other words, the value of y is nondimen- 
sionalized with respect to the jet half-width. If the 
mixing region has a central core and, even in other 
cases, if the location is not too far downstream, the 
point y = 1, according to Eq. (4), corresponds to the 
point at which the temperature is one-half way between 
the values inside and outside the jet, since ¢(0) = 0. 
Then, if this temperature midpoint whose distance from 
the centerline of the jet is denoted by r7 is determined 
from the experimental data and the y in Eq. (4) and 
equations derived from it are referred to this point, due 
account will be taken of jet boundary displacements 
according to the assumption of independence of the 
mixing process of these other effects, and one may 
write 


— (y/rr) 1 + (v/rr) i 
V V 


and for the core region 


(6) 
r 
2Br = ¢\ ——— ] +1 
4é U2 


As explained in the Introduction, experimental data in- 
dicate mass transfer is similar to energy (temperature) 
transfer or 8, = Br, and one may predict the mass 
transfer with the above equation provided the em- 
pirical constants are first determined from experi- 
ment. 


Assuming similarity of the turbulence mechanism 
throughout the fluid, Prandtl suggested the relationship 
for the momentum transport parameter? 


Umin.)b (7) 
where A is a constant, Unmr.and U nin. are, respectively, 
the maximum and minimum velocities at any stream- 
wise station, and 6 is the width of the mixing region. On 
dimensional grounds, for a two-dimensional free jet, the 
width 5 should increase linearly with x or b = cx where c 
isaconstant. For the present case, it would appear that 
e might depend on fmer. and fmin., aS Well aS Umar. and 
Umin., SO a relationship of the type 


is suggested, where f is some function to be determined 
empirically. For most of the cases studied experi- 
mentally, particularly those where a central core of un- 
mixed flow was present, Umaz., Umin., tmar.» ANd tmin. Were 
constant and e = constant:b. Using 6 = constant-x on 
dimensional grounds, the formula for e« becomes ¢€ = 
constant -x or nondimensionalizing + 


= €o(X (9) 


where L is some characteristic length and ¢€ is constant 
for a given set of boundary conditions. For the cases 
considered here (within the potential core region), Z is 
not related to the depth of the nozzle, since the existence 
of the central core indicated that the mixing on each 
side of the jet took place independently. As mentioned 
previously, the behavior was like that of two inde- 
pendent interfaces on the two boundaries of the jet. 
With a linear variation of e«, £, according to the assumed 
relation & = JS «dx, becomes 


Substituting this into Eq. (6) and recalling that the 
lengths have been nondimensionalized with respect to 
'T, 
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The variation of ¢)/Z with some convenient parameter 
must, of course, be determined from experiment. In 
practice, the value of «/Z was determined for various 
initial stream conditions by measuring 87, tM, rz, x, and 
y experimentally and substituting these values in Eq. 
(11) leaving «/Z to be computed. 

A study of the physical conditions at the jet exit 
would lead one to expect a square mass concentration 
profile at this station, and, accordingly, the above equa- 
tions specify that, for x = 0, —1 < y/r7 < 1, Br = 1, 
and, forx = 0, -—1>y/rr>1,8r = 0. A direct plot 
of the mass concentration, 87, as computed from stagna- 
tion temperature measurements at this station does not 
give such a distribution but indicates that mixing has al- 
ready occurred upstream of the primary nozzle exit. 
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This is, of course, physically impossible. The primary 
causes of this maldistribution appear to be as follows: 
When two streams of different stagnation temperatures 
are being studied (and this is a necessary condition for 
the employment of the temperature-measuring tech- 
nique), heat flows from the higher temperature primary 
stream through the steel walls of the uninsulated nozzle 
to the secondary stream. The external boundary layer 
that forms on the primary nozzle is heated to a higher 
total temperature than the secondary stream reservoir 
temperature. The total temperature survey at the 
nozzle exit then indicates mixing has occurred upstream 
of the primary nozzle exit. A second effect is that the 
stagnation temperature probe being of finite size 
measures a weighed average temperature between adja- 
cent stream filaments. This precludes the measuring of 
a sharp temperature gradient as would theoretically 
exist at the nozzle exit. 

At low speeds, the concept of a virtual source some 
distance upstream of the actual nozzle lip is often intro- 
duced to account for finite nozzle size.* Further, the 
details of the mixing process very close to the nozzle lip 
cannot be expected to be really similar to those well 
downstream. The virtual source idea also takes care 
of this effect. A hypothetical starting point for a mix- 
ing at a distance, a, upstream of the nozzle lip was, 
therefore, also introduced in the present case. 

Assuming that the mixing source existing at a point 
starts at a distance, a, upstream of the primary nozzle 
lip, Eq. (11) may be written 

1 — (y/rr) 


Br = ¢| | 


L Yr 


O/te) _ 
2 (* | 
Uy L r 
2 T (12) 
and for the core region 
l 
rr 
= - = +1 


2 € (* 

uo L Yr J 
Eq. (12) now includes two unknowns, «/Z and a. 
These must be determined from experiment. 

The assumption was made in deriving Eq. (12) that 

«) L should be a constant independent of x for any given 
set of initial stream conditions. To check this hy- 
pothesis with experimental results, plots of ¢/L versus 
x for various chosen values of a were made in Figs. 3 and 
!. The experimental points are those computed from 
Eq. (12) using measured values of 87, y, rr, %2, and x for 
the chosen value of a indicated. It is evident from these 
figures that «/Z approaches a constant for a = §8. 
These two cases are for Mach Number ratios of 0.99 and 
1.53. Identical plots for other Mach Number ratios 
also indicate a value of a = 8 satisfied the requirement 
that «/L should approach a constant. In accordance 
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with Eq. (8), «/Z was considered to be a function of the 
velocities and temperatures of the two streams. Corre- 
lations of the values of «)/L with velocity differences, 
Mach Number difference, and temperature difference, 
as well as with various ratios of these quantities, were 
attempted. Most of these attempts were unsuccessful. 
It was found, however, that good correlation with the 
ratio .\/,/ > could be effected. Cross plotting the series 
of «/L versus x graphs (selecting an average value of 
«)/L for a = 8 in each case) produced plots of e/L 
versus 1/,/\_. shown in Fig. 5. The scatter of points 
appears to be remarkably small in this graph, consider- 
ing the wide range of initial stream conditions repre- 
sented. This graph provides all the information needed 
for the use of Eq. (12) in predicting jet spread. 


The comparison of this theory with experiment for a 
range of Mach Number ratios from 0.69 through 2.04 is 
given in Figs. 6-9. A value of a = 8 was used for all 
of these computations, and the values of ¢)/Z used were 
the exact values of the experimental points shown in 
Fig. 5. 
curve of Fig. 5 would change the results little. 


Selection of the values of «)/Z from the faired 


These figures reveal that Eq. (12) with the values of 
eo/L plotted in Fig. 5 predicts the mass ratio extremely 
well through a wide range of Mach Number ratios. It 
might be expected that the poorest performance would 
be near a Mach Number ratio of 1 (Fig. 7) where the 
shear forces between the streams would be small and 
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temperature difference effects might predominate. 
The graphs, however, indicate good correlation through- 
out the range investigated. 


NORMAL SHOCK STUDIES 


Under certain tunnel operating conditions, a normal 
shock just downstream of, or even in the test section of, 
a supersonic tunnel may exist. It was recognized that 
such a shock, if it occurred between a scavenging scoop 
and the exit of an operating jet engine, might have a 
profound effect on the jet exhaust spread and thus on 
the capture problem. Therefore, it was de4ded to make 
an attempt to establish the order of magnitude of such 
effects experimentally during the course of this program. 
The first attempts to establish a normal shock in the 
test section, first, by means of a throttling valve in the 
tunnel diffuser and, later, by means of a second throat, 
were unsuccessful. It was then decided to use a sharply 
diverging channel so that shock stability would not be 


critical. This method was successful and produced the 
data discussed below. 
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\ representative configuration from the schlieren 
studies is presented in Fig. 10. In this figure, the flow 
conditions are identical, the only difference between the 
photographs being the schlieren knife-edge position. 
In the picture made with a horizontal knife edge, the 
turbulent mixing region and interface are emphasized, 
while in that made with a vertical knife edge, the shock 
waves are madg prominent at the expense of horizontal 
stria of density gradient. 

A study of all schlierens gathered reveals a wave con- 
figuration about as one would expect (from a one- 
dimensional analysis) for the case of a supersonic pri- 
mary stream of greater Mach Number than the super- 
sonic secondary stream, or > > 1. Referring to 
Fig. 13a, where X designates conditions before the 
shock, ]’, conditions after the shock, 1 primary stream 
conditions, and 2 secondary stream conditions, and as- 
suming one-dimensional flow, one may write, using the 
well-known shock relations: ® 


Diy 24 
Pry = : Mix" sin? a — 
Pix 4 


vide 


and because the static pressures in the two streams be 
fore and after the shock must be equal, 


Poy/pex = Piy/ Pix 


There lore, 


or 
sina = Mox/Miyx 
and 


a = sin-! Mox/Mix 


In the limit a — 90° as Moxy > Mix. 

\s long as My > Mex, a < 90° and an oblique shock 
should exist in the primary stream. This would result 
in an apparent contraction of the primary stream, as a 
stream line is refracted away from the normal upon 
passing through an oblique wave. Also, as long as \/,x 
remains greater than 2x and the oblique wave pattern 
exists in the primary stream, the primary stream should 
theoretically remain supersonic downstream of the 
shock, whereas the secondary stream would be subsonic 
after passing through the normal shock. It is apparent 
from a close inspection of the wave configurations in the 
photographs that the actual wave patterns realized in 
practice deviate somewhat from those predicted by a 
simple one-dimensional analysis such as that above. 
The photographs (for the cases of two supersonic 
streams and J, > M.) show the normal shock in the 
secondary and the beginning of the oblique shock in the 
mixing regions. The oblique shock does not continue 
to the centerline of the primary stream, however, but 
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terminates in every case in a small normal shock appar- 
ently wholly contained within the undisturbed region of 
the primary stream—.e., inside of the turbulent mixing 
regions. Both the larger normal shock in the secondary, 
and the smaller normal shock in the primary, show a 
tendency to interact with the turbulent mixing region 
in a manner similar to the shock-boundary-layer inter- 
action that produces the lambda shock configuration. 
It is likely that the situations are similar. The small 
normal shock in the primary stream cannot be satisfac- 
torily explained by a simple pressure balance concept if 
a constant Mach Number distribution is assumed 
through the primary stream. Expansion waves 
originating at the inside corners of the primary nozzle 
lip appear to intersect the junction of the oblique waves 
and the small normal shock in the primary stream. 
This may influence the wave configuration also. 

Again resorting to one-dimensional theory and as- 
suming that the static pressures of the two streams must 
equal each other before and after a shock, one may show 
that if Wey > Myx and Mx > 1 and the shock in the 
secondary stream is norma], a subsonic compression of 
the primary stream aft of the shock must occur. The 
normal shock traversing both streams will not support 
the same static pressure rise in the two streams of 
different Mach Numbers. The reverse of the case dis- 
cussed above might exist—i.e., an oblique shock in the 
secondary stream and a normal shock in the primary 
stream would produce the necessary pressure balance, 
but if a normal shock is induced in the secondary 
stream, the pressure balance must be achieved by 
means of some other mechanism. A _ system that 
theoretically would balance the pressures consists of a 
normal shock traversing both streams, followed im- 
mediately by an expansion of the cross-sectional area 
of the primary stream tube on the subsonic side of the 
normal shock, resulting in compression of the primary 
stream to the value of the pressure in the secondary 
stream (see Fig. 13b). This configuration would have a 
theoretical maximum possible secondary Mach Number 
for a given primary Mach Number equivalent to the 
theoretical maximum pressure recovery possible in the 
primary stream in passing through a normal shock and 
then being compressed (by means of an infinite area 
expansion of the stream tube) to the value of its total 
pressure. In order for this shock configuration to exist, 
Ms can only exceed JJ, by a small amount, approxi- 
mately A1J/ = 0.25 maximum difference. If AJ, ex- 
ceeds this limiting value, the pressure must balance by 
some other mechanism. Again, the pattern of oblique 
waves, normal waves, and boundary layer from the out- 
side of the primary nozzle walls interact in a manner 
somewhat like the lambda shock-boundary-layer con- 
figuration. The photographs taken in the study of this 
configuration show a sudden divergence of the primary 
channel just downstream of the shocks, indicating the 
assumed subsonic compression of the primary stream 
does occur. 

An indication of the extent to which the area expan- 
sion and mixing of the primary stream are carried is 
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given by total temperature surveys downstream of the 
normal shock. The results of such a survey at each of 
two stations downstream of the normal shock for various 
initial stream conditions are graphed in Figs. 11 and 12. 
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It is apparent from Fig. 12 that, for the conditions sur- 
veyed in this instance, complete mixing has occurred. 
There is no significant change in total temperature as 
one progresses across the stream, as was measured in pre- 
vious cases, when a definite interface between two 
streams of different reservoir temperatures existed. In 
Fig. 11, some variation in total temperature is measured 
for some conditions, but the gradient of the curve is 
much less than normally measured when no shock is 
present. 

As discussed above, when \/> exceeds some critical 
value (approximately 1/7, + 0.25), the above described 
wave configuration can no longer balance the pressures 
between the streams. In the case of both stream Mach 
Numbers equal to or greater than 1, it appears that the 
wave pattern is modified somewhat as follows: 

The oblique shock originating on the exterior lip of 
the primary nozzle exit grows larger, blending with the 
normal shock well out into the secondary stream. A 
true normal shock no longer appears to exist across the 
primary stream. In this particular case, a complete 
absence of strong waves in the primary stream is noted. 
The secondary Mach Number was the same as that of 
the previous case, but the primary Mach Number was 
reduced by the simple expedient of reducing the total 
pressure of the primary stream. This results in 2 
exceeding the critical value for 14; ~ 1.0. It is rather 
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difficult to guess what the static pressure was at the 
primary nozzle exit in this case, and measurement was 
impossible without upsetting the existing wave config- 
uration. If the static pressure is assumed to be that 
which would exist behind a normal shock in the second- 
ary (where the shock occurs at MM, = 1.55), the total 
pressure of 8 lbs. per sq.in. absolute in the primary 
would have been adequate to produce a supersonic pri- 
mary stream. However, very rapid mixing of the two 
streams occurred in this case also, as was evidenced by 
both the photograph and the total temperature surveys 
(Fig. 12). 

The final case to be considered is that of the subsonic 
primary and supersonic secondary streams. In this 
case, nO Waves may exist in the primary stream, and 
pressure signals may be transmitted upstream within 
the primary stream. The theoretical limiting 1M, would 
be that which would produce a static pressure down- 
stream of a normal shock in excess of the primary stream 
total pressure, in which case flow reversal in the primary 
nozzle would occur. The shock pattern in each of these 
cases consists of a combination of oblique waves 
originating at the primary nozzle exit and a normal 
shock in the secondary. The effect of the waves on 
mixing is severe in these cases, producing complete 
mixing in about ten nozzle diameters downstream (Fig. 
12). 

With a supersonic primary, the effect is not as severe 
as with the subsonic primary (Fig. 11); however, the 
normal shock still promotes mixing at a much more 
rapid rate than was measured in previous conditions 
with the normal shock absent. 

It is apparent from the above that a normal shock 
occurring between a scavenging scoop and the exit of an 
operating jet engine may make the scavenging task 
difficult and, in the case of a subsonic or near-sonic jet, 
may require special measures. 


OBLIQUE SHOCK STUDIES 


During normal operation of a supersonic wind tun- 
nel, oblique shock waves can be expected with any 
change in tunnel stream direction or as a result of re- 
flection of shocks due to models. In the particular case 
of tunnel operation with a jet engine mounted in the 
test section, the existence of oblique shock waves be- 
comes most probable. Therefore, it becomes desirable 
to determine the effect of a strong oblique shock on a jet 
stream. The necessary oblique wave was generated in 
the 1 = 1.8 tunnel by the simple expedient of mount- 
ing a wedge just outside the tunnel boundary layer on 
the bottom of the test section. The angle of the result- 
ing shock to the direction of flow was approximately 


Case I 


M, <1< 


In this case, pressure signals may be transmitted up- 
stream, and shock waves cannot exist in the subsonic 
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primary stream. If a strong oblique shock is induced in 
the supersonic secondary stream by any means, the 
primary stream is immediately exposed to a pressure 
discontinuity along the interface. Since no wave may 
exist within the primary stream, this pressure discon- 
tinuity must be balanced by some other mechanism, 
such as a sudden enlarging of the primary channel re- 
sulting in an equivalent pressure rise within the primary 
stream. Theoretically, the primary stream being sub- 
sonic rather than supersonic should not affect the initial 
wave angle in the secondary stream so long as sufficient 
tunnel drive power is available to prevent choking. 

Unfortunately, sufficient power was not available in 
the experimental rig used for these experiments to pro- 
duce the expected oblique shock in the secondary when 
the primary stream was subsonic, and the actual shock 
produced approached a normal tunnel shock with a re- 
acceleration of the flow aft of the shock within the 
physical throat created by the presence of the wedge 
(see Fig. 14). It is apparent from the schlieren, how- 
ever, that an enlarging of the primary stream does occur 
upstream of the shock. 


Case II 
AM, ~ M,> | 


For these conditions, one would expect a weak normal 
shock in the primary stream, regardless of the angle of the 
oblique wave in the secondary stream. The secondary 
stream must turn through a given angle (according to 
plane shock theory) upon traversing the oblique shock, 
and, thus, if the two streams are to remain essentially 
parallel aft of the shock configuration, the primary 
stream must also turn through the same angle. It 
appears most probable that a wave opposite in sign to 
the impinging wave would be reflected from the inter- 
face into the primary stream to accomplish this turning 
of the primary stream according to Fig. 13c. 

Unfortunately, it was impossible to maintain the 
boundary conditions due to insufficient power available 
in the experimental rig; therefore, the above must be 
considered conjective with no experimental verification. 
As in Case I, when the primary stream Mach Number 
was near 1, the tunnel power was insufficient to prevent 
the degeneration of the oblique shock into a tunnel nor- 
mal shock. 


Case III 
M>1<M 


According to plane shock theory, the angle a of Fig. 
13d must be such that the resulting turning of the 
primary stream would produce parallel flow between the 
two streams downstream of the shock configuration. 
This condition would be ensured by a reflection from the 
interface into the primary stream of a compression 
wave or an expansion fan, depending on the require- 
ments for parallel flow. As shown diagrammatically in 
Fig. 13d, a decrease in the Mach Number of the primary 
stream (all other conditions remaining constant) would 
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be expected to result in an increase in the displacement 
of the primary stream as a function of x and a decrease 
in the contraction of the primary stream. 

The schlieren photographs (Fig. 15) indicate that the 
effect of the oblique shock is complicated by the reflec- 
tion of extraneous shocks originating upstream at the 
nozzle exit. The effect of these reflections plus the 
added difficulty in accurately determining the position 
of the initial intersection of the jet stream and the 
oblique shock restrict an accurate comparison of the ex- 
perimental results with the theoretical calculations 
based on plane shock theory. Nevertheless, a compari- 
son was made by restricting the calculations to a posi- 
tion approximately 1.61 radii downstream of the 
position of initial intersection of the jet stream and the 
oblique shock that is upstream of the major portions of 
reflections from extraneous shocks. 

Table 1 lists the theoretical calculations and experi- 
mental measurements for the contraction and displace- 
ment of the jet stream with three different primary 
stream Mach Numbers and a primary stream stagna- 
tion temperature of 200°F. 

Table 1 indicates qualitative agreement between 
theory and experiment. The one case of dix = 2.66, 
which is full expansion for the primary or jet nozzle, 
gives good quantitative agreement. This would give 
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SUPERSONIC JET SPREAD 
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TABLE | 
———Contraction-—— Displacement 
Mix Theory Experiment Theory Experiment 
2.30 0.535rr 0.429rr 0.373rr 0. 286r7 
2.66 0.415rr 0.415rr 0. 226rr 
2.92 0.300rr 0.360rr 0.15197 0.122rr 


the best agreement as the two streams are most nearly 
parallel, thereby eliminating an error present in the 
other two cases. 

In summing up, it appears that plane shock theory 
may be used to predict qualitatively the contraction 
and displacement of a jet stream in passing through an 
oblique shock, but, for quantitative agreement, the flow 
field would have to be free from extraneous disturb- 
ances. 


SUPERSONIC JET-SPREAD ANGLE 


From the previous analysis of the 87 profiles, it was 
found that, for all practical purposes, the profiles could 


be considered symmetrical about B7 = 0.5. In deter- 


OCTOBER; 19353 


mining the mass concentration from total temperature 
measurements, it was found that more accurate results 
could be obtained when the values of 7; — 7> and 7 — 
7. were the greatest. In view of this, it was decided 
to investigate the behavior of the jet width at 87 = 0.7 
as a function of the distance downstream of the primary 
nozzle exit. To ensure accuracy in the measurements, 
it was decided to use experimental data in which 7; was 
equal to 600°F., which gives the largest values of 7; — 
1 


The effect of waves in the jet was normalized by the 
use of ry, and the various plots of r;g = 9.7)/rr versus x 'r 
are presented in Fig. 16. A preliminary analysis indi- 
cated that the jet spread would vary as some function 
of the ratio of the Mach Numbers of the two streams. 
Consequently, the flow parameters of the test condi- 
tions were chosen accordingly. The value of the jet 
spread for each set of conditions was determined by 
measuring the slopes of the various curves in Fig. 16 
(plotted to scale). 


The values of @ (the angle of jet spread) obtained in 
this manner are plotted in Fig. 17. It is easily demon- 
strated from this graph that @ may be closely approxi- 
mated by the relation 


where K = 0.20. 


The most significant result of this analysis, however, 
is the fact that the maximum jet-spread angle meas- 
ured in this study did not exceed 0.40°, which is most 
desirable where the scavenging problem is being con- 
sidered. It is also noteworthy that all schlierens sub- 
stantiate the small angle of jet spread. 
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ANALYSIS OF BOUNDARY DISPLACEMENT 


As previously mentioned, the behavior of supersonic 
jets downstream of the nozzle exit may be resolved into 
two parts: (1) the initial displacement of the jet 
boundary (due to over- or underexpansion of the pri- 
mary stream) and wave reflections produced by these 
conditions and (2) the turbulent mixing process. A 
method for predicting the spread due to turbulent mix- 
ing has been discussed. This section is concerned with 
the mechanical effects of over- or underexpansion on 
boundary displacement. 


Defining the parameter 77 as the '/. concentration 
point (i.e., 8 = 0.5 would be the jet boundary if there 
were no mixing), the general phenomenon of boundary 
displacement may be shown graphically with plots of 
rr/r versus xr. This method of presentation merely 
eliminates the effect of turbulent mixing so that 
boundary displacement may be studied unimpeded by 
other effects. 


On the basis of the linearized theory of supersonic 
flow, it can be shown that the reflection of Mach waves 
from an interface depends on the reflection ratio 


R = pun V Ms? — VM? 1. 


When this ratio is unity, no reflection from the interface 
occurs, while the magnitude of the reflection increases 
as the ratio either increases or decreases away from 
unity. The ratio between V M2 — 1 and 
pollg V A\1,* — 1 is thus an indication of the amount of 
reflection to be expected. The values of the ratio of 
these two quantities, R, are noted on significant graphs 
as an indication of the reflections to be expected from a 
theoretical consideration. The experimental indication 
of reflected waves from the interface appears as waves 
in the 77/r versus x/r plots. As these plots approach a 
straight line, the reflected waves must become weak or 
disappear. 


A typical example of this phenomenon is presented in 
Fig. 18. Fig. 18 is a plot of r7/7 versus x/r for R values 
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appreciably different from 1.0. The waviness of the 
graphs clearly shows the effect of reflected waves. The 
schlieren photographs corresponding to these graphs are 
given in Fig. 19. The reflected waves and the initial 
displacement of the jet boundary due to underexpansion 
are clearly visible here. To illustrate the results of ap- 
proaching an R value of 1.0, Figs. 20 and 21 are given. 
In Fig. 20, it is clear that the 77/r graph approaches a 
straight line and the schlieren photograph (Fig. 21) 
shows only weak reflections from the interface. It 
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TEMPERATURE EFFECT 
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should be noted that, in the case of Fig. 20, one curve is 
from a fully expanded jet with the 17 = 1.4 nozzle, 
while the other is a plot of an underexpanded jet with 
the AJ = 1.0 nozzle. The value of the reflection ratio 
for each of these cases as noted was found to be almost 
unity (i.e., indicating no wave reflection from the inter- 
face). The shapes of the curves in these two cases are 
almost identical, and they approach a straight line. The 
only noticeable difference is the magnitude of the r7/r 
values, which is to be expected because of the difference 
in the geometry of the two nozzles. With the 1/ = 1.4 
nozzle, the radius of the jet after expansion is the nozzle 
exit, whereas, in the underexpanded case with the 1/ = 
1.0 nozzle, the nozzle exit acts as the throat. Conse- 
quently, the expansion occurs downstream of the nozzle 
exit, resulting in a larger r7/r value. 

The remaining problem to be considered is how these 
considerations may be applied to the analysis of the 
turbulent mixing process. The theoretical analysis of 
the turbulent mixing previously put forth gives the rate 
of jet spread with x for agiven Mach Number ratio, with- 
out consideration of gasdynamic boundary displace- 
ments. Using the simple two-dimensional isentropic 
flow relations, it is possible to predict the change in the 
average value of r7 most nearly approximating full 
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TABLE 2 
— 
VW, M2 Po Experimental Computed 
2.6 54.5 0.167 0.1638 
74.5 0.197 0.197 
94.5 0.214 0.229 
1.4 1.4 12.0 0.165 0.167 
14.5 0.178 0.178 
26.5 0.241 0.233 
1.8 1.4 19.5 0.159 0.153 
29.5 0.187 0.187 
39.5 0.219 0.219 
2.6 1.4 73 0.200 0.200 
9] 0.240 0.229 
100.5 0.244 0.244 
1.8 1.7 14.5 0.185 0.185 
19.5 0.205 0.218 
29.5 0.244 0.276 
2:6 ie 54.5 0.225 0.225 
84.5 0.298 0.296 
94.5 0.325 0.318 


expansion, based on the throat area of the nozzle and the 
ratio of the primary stream reservoir pressure to the tun- 
nel static pressure. 

are listed in Table 2. 


The results of these computations 

The primary Mach Number to be 
used in the theoretical prediction of jet spread must be 
determined from the ratio of the primary stream total 
pressure to tunnel static pressure rather than from the 
primary nozzle geometry. The principal effect of 
under- or overexpansion is to change the value of r7 and 
MM, used in the mixing computations. 


From the above analysis, it would appear that, with 
an underexpanded supersonic jet, the main effect is to 
increase the average Mach Number and the average rr 
of the jet. The mixing process would be identical to the 
fully expanded jet but with different flow parameters 
and a larger value for the average rr. The amplitude 
of the oscillatory behavior of the jet would appear to 
depend almost completely on the reflection ratio, R. 
The more the ratio differs from unity (indicating strong 
reflections), the greater the amplitude. The wave 
length of the oscillation depends on the width or depth 
of the jet and the Mach Number that would, of course, 
determine the positions of the reflections. Thus, for 
any given case with supersonic jet and tunnel streams, 
the gasdynamic expansions and compressions of the 
jet may be computed to the required accuracy by any 
desired method and the turbulent mixing superim- 
posed on the resulting displacement of the jet bound- 
ary 


TEMPERATURE EFFECT ON JET SPREAD 


In studying the effect of jet-stream temperature on 
the behavior of a jet exhausting into a supersonic 
stream, three different reservoir temperatures were used. 
These temperatures were 200°, 400°, and 600°F. The 
experimental apparatus was limited to a maximum jet 
stagnation temperature of approximately 600°F., con- 
sequently jet temperature effects higher than 600°F. 
were not explored. The effects of temperature can be 
resolved into two individual problems; one is the 
effect on the mixing process and the other is the effect 
on the jet expansions and compressions. 
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The effect of jet total temperature on mixing is 
illustrated in Fig. 22, which is essentially plots of the 
width of the mixing region versus distance downstream 
for three different jet-stream temperatures. The 
radius of the jet at 67 = 0.7 was used because of a more 
accurate determination of 87 at this point, as explained 
previously. It is obvious that there is no consistent 
change in the width of the mixing region within the 
temperature range explored. The variation appears to 
be of a random nature, probably caused by experimental 
inaccuracies in determining 77. This graph is typical 
of many that were plotted. 


The remaining problem in relation to jet temperature 
is its effect on the gasdynamics of the jet stream (i.e., 
the behavior of r7 as a function of x/r). Typical plots of 
rr/r versus x/r are presented in Fig. 23. The values of 
the reflection ratio, R, are noted for each curve. A 
study of these curves indicates that a change in 7}, 
which causes the value of R to increase or decrease from 
unity, increases the amplitude of the oscillations in the 
jet. For those values of R farthest from unity, 
the greatest amplitudes are found. This is in 
complete accord with the results of the previous sec- 
tion. 


In summarizing the effect of jet total temperature on 
jet spread for the temperature range explored, it is in- 
dicated that the mixing process between the jet and the 
surrounding stream is not appreciably altered. The gas- 
dynamic expansions and compressions of the jet were, 
however, found to vary with jet temperature. The 
variations appear to be explained on the basis of 
the variation of the reflection ratio with jet tempera- 
ture. 


TEMPERATURE EFFECT 
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15° INCLINED JETS 
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WAKE STUDIES 


To determine in a qualitative manner the effect of 
relative thick wakes on jet mixing, wedges with the 
blunt base in the plane of the nozzle exit were attached 
to one side of the jet nozzle. These wedges had bases of 
0.54 and 1.08 nozzle depths. The results of the wake 
studies may be summarized as follows: The wake be- 
hind these relative thick wedges is composed of air from 
both streams, and the pressure is lower than stream 
pressure. These factors have the effect of shifting the 
one-half concentration point, 77, away from the edge of 
the primary jet nozzle almost immediately downstream 
of the nozzle exit. In addition, the rate of mixing is in- 
creased. It would also appear that the increase in dis- 
placement and rate of mixing are functions of the wake 
thickness. In evaluating the above, however, it must 
be borne in mind that the wakes employed were 


= 45 psia 
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comparable in size to the jet itself, so that the test 
cases were extreme. 


INCLINED JETS 


The effects on jet displacement and mixing of in- 
clining the jet stream with respect to the secondary or 
surrounding stream were studied experimentally with 
the aid of curved extensions attached to the normal 
jet nozzles. These extensions produced angular mis- 
alignments of 10° and 15° between the two streams. 

The jet streams, when inclined to the tunnel stream, 
behaved about as one would intuitively expect with 
respect to maintaining the initial inclination. They 
gradually turned toward zero angle of inclination with 
the tunnel stream as they progressed downstream. At 
about 8 nozzle depths downstream, the angle of in- 
clination was only '/; to '/) the initial angle of in- 
clination. Typical schlierens of a 15° inclined jet are 
given in Fig. 24. 

It was observed that a subsonic jet appeared to spread 
at a greater rate than normal when inclined, while a 
supersonic jet actually appeared to contract somewhat. 
This was observed in surveys as well as in schlieren 
photographs. However, it must be remembered that 
the surveys were two-dimensional whereas the physical 
phenomenon was three-dimensional, and, thus, no con- 
clusions as to an actual contraction or expansion of the 
stream tube may be made. 


CONCLUSIONS 


(1) The correlation of experiment with the semi- 
empirical analysis outlined in this paper allows pre- 
diction of the spread of a supersonic jet stream exhaust- 
ing into a supersonic field with the accuracy necessary 
for design purposes within the range of the experimenta- 
tion reported. 

(2) A supersonic jet in a supersonic stream spreads 
with distance downstream at a low enough rate to make 
scavenging practicable. 

(3) A strong tunnel normal shock causes rapid de- 
terioration of a subsonic jet stream passing through it 
and promotes mixing at such a rate as to render almost 
impossible the problem of scavenging downstream of 
the shock. The phenomena encountered are similar to 
those of shock-boundary-layer interaction. 
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(4) A strong tunnel normal shock has a severe ad- 
verse effect on a supersonic jet stream, although it is not 
as drastic as the effect on a subsonic jet stream. 

(5) An oblique shock apparently causes a slight con- 
traction of a supersonic jet stream (accompanied by 
turning) of the order of magnitude of that predicted by 
one-dimensional theory. 

(6) A supersonic jet stream misaligned with the tun- 
nel stream by as much as 15° apparently suffers no 
drastic ill effects but is gradually turned parallel with 
the tunnel stream. The subsonic jet experiences a 
similar effect but, in addition, exhibits a much greater 
rate of spread than a comparable jet stream parallel 
with the tunnel stream. 

(7) Wakes induced by bodies having blunt bases of 
1.08 and 2.16 nozzle half depths caused an increase in 
the rate of mixing and jet spread. 

(S) An increase of jet-stream temperature (within the 
range investigated) has little or no effect on jet spread 
other than the small effect that can be predicted on the 
basis of the change in the gasdynamic behavior of the 
jet. 

(9) An increase in total pressure in the jet stream 
over that for full expansion results in a free expansion 
of the jet stream outside of the nozzle exit, which may 
be predicted on the basis of gasdynamics and is a good 
approximation independent of the mixing process. 

(10) In general, the jet spread due to turbulent 
mixing and due to gasdynamics over- or underexpansion 
appears to be additive effects and may be computed 
separately to an extremely good approximation. 
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systems, but also in hastening the tomorrow when more 
complete, more efficient flight systems will make the 
automatic airplane completely practical. Here is genuine 
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Pioneer is working to produce constantly better and 
better precision products for the world of flight. 
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Chart, which can be read to .0005 accuracy, is checked 
against master pattern on a transparent template. 


Electronic recording machine traces blade outline on finely graduated chart paper, | 


20 times actual blade size, which permits variations to be visually detected. 


How we broke a bottleneck 


in turbine blade inspection 


Five years ago, inspection of turbine blade 
contours required time-consuming surface 
plate layouts. Then Allison engineers came up 
with an idea for a machine which would do 
more precise checking — one which would 
trace blade contours at several levels — and 
automatically record each profile, magnified 
10 to 20 times, on charts for easy comparison 
with a master template. 


Here you see the latest machine, built by 
Allison and General Motors Research 
Divisions. It is equipped with newly 


developed electronic tracer heads. This feature 
enables us to inspect any type of compressor 
or turbine blade profile without danger of 
scratching the surface. And by coating plastic 
patterns with a thin metallic paint, we can 
also check them for exactness before blades 
are cast. 


Here is another example of Allison and 
General Motors engineering ingenuity that 
pays off in more depend: ble jet pe formance 
and lower cost manufacture—typical of the 
continuous pioneering which maintains 
leadership for Allison engines in the air. 


DIVISION OF GENERAL MOTORS, 


INDIANAPOLIS, INDIANA 


World's most experienced designer and builder of aircraft turbine engines —J35 ond J7! Axial, J33 Centrifugal Turbo-Jet Engines, T38 and T40 Turbo-Prop Engines 
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Two-Dimensional Unsymmetric Flow 
Patterns at Mach Number 1 


By 
Gottfried Guderley and Hideo Yoshihara 
Wright Air Development Center 


Two-dimensional unsymmetric flow pat- 
terns at Mach Number 1 are discussed by 
means of the hodograph representation 
As an example, the flow over a wedge 
profile is investigated and the pressure 
distribution and the lift curve slope are 
computed. The results indicate that the 
Mach 
Number | is much lower than what would 


value of the lift curve slope at 


be expected by an extrapolation from the 
purely supersonic results. 


The Effect of Boundary Layer on Sonic Flow 
Through an Abrupt Cross-Sectional Area 
Change 


By 
Robert S. Wick 


Jet Propulsion Laboratory, 
California Institute of Technology 


It has long been known that the pres 
sure at the base of high-speed projectiles 
Since 
experimental work on projectiles has indi 
cated that the boundary layer definitely 
affects the base pressure, it was decided to 
investigate the effect of the boundary 
layer on the similar phenomena occurring 
in internal sonic or supersonic flow through 
a sudden enlargement of cross section 

A two-dimensional flow channel ‘con 
sisting of a convergent section, a straight 
section, and an enlarged 
nected in series was constructed. The 
flow reached sonic velocity at the end of 
the throat section and expanded suddenly 
into the enlarged section 


is lower than the ambient pressure. 


section con 


The boundary 
layer in the throat was varied by changing 
the mass rate, the pressure, and the length 
of the throat. The 


throat area to expanded section area) 


expansion ratio 
was also varied 

The results of these experiments indi 
cated definitely that the pressure in the 
‘orner of the expansion was related to the 
boundary-layer type and thickness up 


stream of the expansion. A dimensional 
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Summaries 


analysis was used to correlate the results 
over a range of area expansion ratios and 
boundary-layer thicknesses, and a ‘“‘jet- 
pump’ 


concept was devised which ex- 
plained qualitatively the effects observed. 
Means of comparing the results of internal 
flow over corners and through sudden 
expansions in area to external flow over 
corners were also considered. 


A Simplified Method to Obtain the Load 
Distribution Corresponding to the Ackeret 
Region for Wings Having Arbitrary Source 
Distribution at Supersonic Speeds 


By 
Julian H. Kainer 


Ryan Aeronautical Company 


A simplified approach to the loading on 
swept and triangular wings of planar and 
nonplanar form at supersonic speeds was 
presented which required the potential in 
the region between the supersonic leading 
edge and the leading-edge disturbance 
It is the purpose herein to indicate 
a simple means of obtaining these poten- 
tials and to justify the. method with 
mathematical and physical reasoning. The 
process involved is inspection. 


wave. 


Plastic Collapse of Thin Rings 


By 
Chintsun Hwang 
University of Notre Dame 


When 
tributed loads are applied on a circular or 


several concentrated or dis- 
elliptic ring and are increased propor- 
tionally, the ring first yields at some loca- 
tions and, at the final stage, collapses as a 
mechanism. The collapse of a ring can- 
not take place until the number of yield 
joints developed in the ring exceeds its 
number of redundancies. In this paper 
we shall study the configuration of the 
collapse mechanism, the corresponding 
collapse load of rings, and the deforma- 
tions of a circular ring immediately before 
plastic collapse takes place. 

For rings in which the heights of the 
cross section are small compared with 
their overall dimensions, the stresses are 
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essentially due to flexure of the ring seg- 
ments when the ring is under the action 
of concentrated forces. The stresses due 
to axial and shear forces are relatively 
small and may be neglected. Further- 
more, at the instant of plastic collapse the 
deformation of the ring as a mechanism is 
unlimited if we assume no strain harden- 
ing of the material in the plastic state. 
In parts of the ring where the sections are 
still elastic, or partly elastic and partly 
plastic, the deformation is contained and 
may be neglected. Thus the change in 
geometry of the ring is disregarded; the 
ring is considered as a mechanism made 
of perfectly rigid members connected by 
yield joints that offer constant resisting 
moments. The positions of these yield 
joints and the corresponding collapse load 
are found for several 


typical loading 


conditions. 


Stall and Surge in Axial-Flow Compressors 
for Jet Engines 


By 

M. C. Huppert and W. A. Benser 
Lewis Flight Propulsion Laboratory, 
NAC. 


Observations of rotating stall have 
shown that a wide variety of stall patterns 
is possible. 

Hot-wire anemometer data on a multi- 
stage compressor have shown a progres- 
sive-type stall at low speeds. The ampli- 
tude of the flow fluctuations increases in 
magnitude through the first few stages and 
then diminishes rapidly to a small value 
in the latter stages. A stage stacking 
analysis has shown that rotating stall! will 
exist over a large portion of the compressor 
map at low speeds but will be instigated 
almost simultaneously with compressor 
surge at high speeds. 

Blade failures attributable to resonant 
vibrations excited by rotating stall have 
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LINEATOR 
fills Thunderstreak 
design need 


Republic engineers needed an 
actuator for the landing light 
retractor in the F-84F fighter. 
With space too limited for 
any standard light retractor, 
they designed their own and 
specified the R-244M13 Lin- 
eator. Its compact design and 
250-Ib. rating do the job. 


The adaptability of Airborne 
electromechanical actuators 
is evidenced by wide use 


throughout the aircraft field. 


Perhaps you have a design 
problem where space and 
power are factors. See our 
literature in the I. A.S. Aero- 
nautical Engineering Catalog, 
or write direct to us. 
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been experienced in single- and multi- 
stage compressors. 

In the stage stacking analysis no de- 
terioration of stage performance due to 
unsteady flow resulting from stall of 
adjacent stages was considered. In gen- 
eral, the pressure drop at the stall point 
is believed to be much larger than indi- 
cated by an analytical formulation of 
compressor performance Compressor 
surge is attributed to a limit cycle opera- 
tion about the compressor stall point, and, 
as indicated in a few compressor tests and 
in jet-engine tests, a small compressor 
discharge receiver result 
simply in stall of the compressor without 


volume may 


the cyclic characteristics of compressor 
surge. In this event, engine operation 
will be limited because of the large drop 
in performance which accompanies com- 


pressor stall. 
Preprint No. 414 


Turbulence in Supersonic Flow 


By 
Leslie S. G. Kovasznay 
The Johns Hopkins University 


First-order perturbation theory indi- 
cates that the Navier-Stokes equations 
for a compressible, viscous, and heat- 
conductive gas can have three distinctly 
different types of disturbance fields, obey- 
ing three independent differential equa- 
tions. These three ‘“‘modes’’ of disturb 
ance fields are: vorticity mode, entropy 
mode, and sound-wave mode, The modes 
are independent when the intensities of 
the fluctuations are small, but they inter- 
act at larger intensities when linearization 
is not permissible. 

The principal tool for measuring the 
fluctuating fields is the hot-wire anemom- 
eter adapted for supersonic flow. In a 
supersonic flow the hot-wire anemometer 
responds to two variables: mass flow 
fluctuations and stagnation temperature 
fluctuations. The above three modes all 
contribute to both of these variables. By 
taking fluctuation measurements at dif- 
ferent wire temperatures, the relative 
sensitivity to the flow parameters varies 
and a “fluctuation 
obtained. 


diagram” can be 
The character of the fluctua- 
tion diagram differs for each mode, and 
even coexisting modes can be separately 
determined by analyzing the fluctuation 
diagram under certain restrictive condi- 
tions. 

Hot-wire measurements were obtained 
in various supersonic flows. Pure tem- 
perature spottiness (entropy mode) and 
pure sound-wave fields were explored. 
Detailed measurements were taken in a 
turbulent supersonic boundary layer. 
With the aid of the fluctuation diagram, 
the intensity of temperature spottiness 
(entropy mode) and of turbulent velocity 
fluctuations (vorticity mode) was meas- 


ured across the layer. Energy spectrum 
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HOSE 
ASSEMBLY 
TESTING 


Economize on your own technical per- 
sonnel. Use fast AETCO SERVICE— 
America's finest facilities for perform- 
ance testing of hose assemblies, in- 
cluding: 
1. Fire resistance Tests 
2. Oil Circulation & Vibration Tests 
3. Fuel Circulation & Vibration Tests 
4. Impulse Tests, using Hydraul- 
iscope 
5. Soaking Tests 
6. All or parts of requirements of 
MIC-F-5070 
General aircraft component testing in- 
cluding hydraulic, pneumatic, elec- 
trical (400 cycle AC-DC) and me- 
chanical. 
In-flight testing, too! 


AIRCRAFT 

EQUIPMENT 
1806-12 FLEET _ TESTING 
BALTIMORE 31, MD. COMPANY 


WITTEK 


AN737-TW 
TYPE WWD 
(Tangential— 
with one-piece 
housing) 


Standard of the 
Industry for Over 
a Quarter Century 


WITTEK 
Manufacturing Co. 


AN737-RM 
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4305-15 West 24th Place 
Chicago 23, 
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different Test Samples of 
high-dielectric 


INSULATING 
TUBING and SLEEVING 


| INCLUDES SAMPLES AND DESCRIPTIONS OF 
THE FOLLOWING... 


| VARGLAS SILICONE Class H insulating materials were 
pioneered by our Laboratory. Retain flexibility, electrical 
properties and mechanical strength in temperatures ranging 
from —85°F. to 500°F. Available in tubing, sleeving, lead 


VARFLO TUBING AND SLEEVING Vinyl-coated Fiberglas in 
full range of sizes, colors and grades. Extremely flexible 
with excellent heat aging qualities. Low priced. 


VARFLEX COTTON TUBING AND SLEEVING Varnish or lac- 
quer impregnated —for applications where MIL-I-3190 


wire, tying cord. 


PERMAFIL-IMPREGNATED VARGLAS TUBING Fiberglas 
braid coated with General Electric’s Permafil resin. Ex- 
tremely tough, resistant to solvents and elevated tempera- 
tures, highly flexible. Can be bent or twisted with little or 
no loss of dielectric strength. Coils and standard 36” lengths. 


Class A materials are specified. All NEMA grades. 


SYNTHOLVAR EXTRUDED TUBING Made in various stand- 
ard formulations of vinyl polymers. Has high dielectric and 
tensile strength—will not support combustion nor absorb 
moisture. Type EG Approved under MIL-I-631A. Several 
others to meet special requirements. 


VARGLAS SLEEVING AND TUBING Numerous types and 


grades—including synthetic-treated, varnished, lacquered, 
saturated, litewall and others. 


VARGLAS NON-FRAY SLEEVING Fiberglas braid normalized 
to remove all organic impurities. It will withstand tempera- 


tures up to 1200°F. Recommended where dielectric prop- 
erties are not paramount. Three types available. 


NEW! VARGLAS SILICONE RUBBER SLEEVING AND 
TUBING—the culmination of 5 years of research—for 
applications requiring extraordinary flexibility. De- 
tails on request. 


MAIL COUPON TODAY FOR SAMPLES! 


VARFLEX CORPORATION, 
311 N. Jay St., Rome, N. Y. 


Please send me free folder containing samples of your electrical 
sleeving and tubing. 


am particularly interested in insulation for;. O°” 
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Electrical Insulating 
Tubing and Sleev 
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and probability density measurements 
gave clues concerning the character of the 
fluctuations. 


Effects of Wing Twist on the Response of 
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having the degrees of freedom of vertical 
motion and wing twist. A two-dimen- 
sional incompressible unsteady flow is 
assumed. Under the further assumption 
of linear relation between the wing twist 


and the vertical acceleration, the equation 
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bility, respectively. The resulting curve 
for conventional swept-back wing aircraf 
show that: 

(a) The wing elasticity produces con 


siderable alleviation effects, especially for 


an Airplane Encountering a Sharp-Edged 


Gust 


By 


Gordon C. K. Yeh and Johann Martinek 
Reed Research Incorporated 


An analysis is made of the gust re 
sponse of a simplified model of an airplane 


differential equation 
method of Laplace 
of the 


the use 


systematic variation of two dimensionless 
parameters 
mass ratio 


of motion is set 


and 
and the 


Faltung 


wing 


a single integro- 
ind is solved by the (b) 


representing the 


torsional flexi 


is attained. 


small values of X. 


for large values of X. 


maximum 


It has negligible influence on thx 
transformation with time at which the 
theorem. The 
acceleration responses and alleviation fac- 
tors are then computed and plotted for a (c) The rate of decrease of the 
ation factor with increase in cR diminishes 


as CR increases and tends to be 


acceleration 
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Sherman M. Fairchild Publication Fund Papers 


Compressive Buckling of Plates Due to 
Forced eres of Stiffeners, Parts | 
and II—P. P. Bijleard and G. John- 


ston. 


Natural Flight and Related Aeronautics 
James L. G. Fitz Patrick. 


Wetted Length and Center of Pressure of 

ee-Step Planing Surfaces—Experi- 

mental Towing Tank, Stevens Institute of 
Technology. 


Symposium on Standardization in Technical 
Information Services for Government 
Contractors. 


Finite Deflections of Curved Sandwich 
Plates end Sandwich Cylinders—F. K 
Teichmann and Chi-Teh Wang. 


The Penetration of @ Fluid Surface by a 
Wedge—tExperimentel Towing Tank, 
Stevens Institute of Technology. 


A Study of the Flow, Pressures, and Loads 
Pertaining to Prismatic Vee-Planing Sur- 
faces—Experimental Towing Tank, Ste- 
vens Institute of Technology. 


Helicopter Flight Research at NACA, 
Langley—Jack P. Reeder. 


Linearized Treatment of Supersonic Flow 

hrough Axi-Symmetric Ducts with Pre- 

scribed Wall Contours—Charles E. 
Mack, Jr., and Ignace |. Kolodner. 


Wetted Area and Center of Pressure of 
Planing Surfaces—Experimental Towing 
Tank, Stevens Institute of Technology. 


Wave Profile of a Vee-Planing Surface, 
Including Test Date on a 30° Deadrise 
Surface—Experimental Towing Tank, 
Stevens Institute of Technology. 


Non- Non- 
Member member Member member 
Price Price No. Price Price 
170 Wave Contours in the Wake of @ 10° 
Deadrise Planing Surface—Experimental 
Towing Tank, Stevens Institute of Tech- 
$1.30 $2.00 nology. $1.20 $1.60 
169 The Flow Pett an Im 
mersed Wedge—Experimental Towing 
$2.65 $3.50 Tank, Stevens Institute of Technology $0.75 $1.00 
168 Wave Contours in the Wake of a 20° 
Deadrise Planing Surface—Experimen- 
tal Towing Tank, Stevens Institute of 
$1.20 $1.60 Technology. $1.20 $1.60 
167 On the Pressure Distribution for a Wedge 
Surface 
1.00 tal Towing Tank, Stevens Institute o 
$1.00 $1.0 Technology. $0.75 $1.0 
oot an ake Regions of Flat Planing 
$0.50 $0.85 Surfaces—Experimental Towing Tank, 
Stevens Institute of Technology. $1.20 $1.66 
165 Theory and Practice of Sandwich Con 
$1.20 $1.60 struction in Aircraft (A Symposium) $1.85 $2.50 
164 Applications of the Theory of Free Mole- 
cule Flow to Aeronautics—Holt Ashley. $1.15 $1.50 
106 Measurement of Ambient Air Temperature 
$129 ($1.60 in Flight —W. Lavern Howland. $0.35 
. 104 Tensor Analysis of Aircraft Structural Vi- 
$0.35 $0.75 bration—Charles E. Mack, Jr. $1.85 $2.50 
102 Electrical Resistance Strain Gages Applied 
L t. 0.60 
$0.75 $1.25 
101 Introduction to Shock Wave Theory—J. G. 
-offin. $2.65 $3.50 
$0.75 $1.00 100 Blade Pitchin Moments of a Two-Bleded 
Rotor—R. Allen. $0.75 $1.06 
126 External Sound Levels of Aircraft—R. L. 
Field, T. M. Edwards, Pell Kangas, and 
$1.20 $1.60 G. L. Pigman. $0.75 $1.00 
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Waldes Truarc Ring Saves‘2.84 Per Unit, 
Cuts Labor-Time and Materials in Hydraulic Packing Unit 


YLE stuffing box required skilled worker to install packing 
rings one at a time, then adjust packing glands by trial and error. 
Disassembly was equally difficult, time-consuming and costly. 


Hydraulic Accessories Company of 
Van Dyke, Michigan, uses a single 
Waldes Truarc Inverted Ring (in- 
ternal series 5008) to hold Mono- 
pak Cartridge in cylinder head. 

New design eliminates costly ma- 
chining and saves 2% Ibs. of mate- 
rial. Re-design with Waldes Truarc 
Retaining Ring reduces stuffing 


MACHINE TIME SAVED: 

Chucking, facing and boring 
Drilling and tapping 3 holes 
Drilling and counterboring 3 holes 
Assembling, adjusting, testing . 
MATERIAL SAVED: 

1% Ibs. cast iron 


box diameter from 342” to 2%”, % Ib. bronze 
and reduces length from 57” to — 
nuts 


43%". Allows savings in assembly, 
adjusting and testing. 


NEW DESIGN USING WALDES TRUARC RING 
PERMITTED THESE SAVINGS PER UNIT 


TOTAL $2.84 


NEW Monopak Cartridge is smaller, lighter, streamlined and in- 
stalled with one Truarc Retaining Ring. Disassembly and reas- 
sembly with new cartridge takes unskilled worker just 1 minute. 


Waldes Truarc Retaining Rings 
are precision-engineered ... quick 
and easy to assemble and dis- 
assemble. Always circular to give 


$ .72 a never-failing grip. They can be 

yes used over and over again. There’s 

90 a Waldes Truarc Ring to answer 
every fastening problem. 

.30 Find out what Waldes Truarc 

23 Retaining Rings can do for you. 

= Send your blueprints to Waldes 


Truarc engineers for individual at- 
tention, without obligation. 


For precision internal grooving and undercutting ... Waldes Truarc Grooving Tool. 


' 
EW 


WALDES 


REG. U.S. PAT. OFF. 


RETAINING RINGS 


WALDES KOHINOOR, INC., LONG ISLAND CITY 1, NEW YORK 

WALDES TRUARC RETAINING RINGS AND PLIERS ARE PROTECTED BY ONE OR MORE OF THE FOLLOWING 

PATENTS: 2,362,947; 2.382.948: 2.416 852; 2.420.921: 2.428.341; 2.439.765: 2.441.646. 2.455.165 
2.463.380; 2,483,383, 2.467.602; 2.487.603. 2.491.306. 2.509.081 AND OTHER PATENTS PENDING 


Waldes Kohinoor, Inc., 47-16 Austel Place, L.1.C. 1, N.Y. 


Please send me the new Waldes Truarc Retaining Ring 
catalog. 
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News of Members 


(Continued from page 20) 


of Science degree in Aeronautics, be- 
came a member of the Armed Forces 
on July 21. 

p Sir Frederick Handley Page (HF), 
Chairman and Managing Director, 
Handley Page, Ltd., England, was re- 
cently appointed Chairman of the 
Governing Body of the College of 
Aeronautics at Cranfield, England. 
Sir Frederick succeeded Air Chief 
Marshal Sir Edgar Ludlow-Hewitt. 

> George E. Harris (TM) has an- 
nounced that the sales and engineering 
representative firm of which he is 
Founder and President was recently 
incorporated. The main office of this 
corporation, George E. Harris & Com- 
pany, Inc., is located at 1734 N. Hill- 
side, Wichita, Kan.; branch offices 
are located in Kansas City, Mo.; St. 
Louis, Mo.; Fort Worth, Tex.; and 
Cedar Rapids, Iowa. 

p> W. John Jakimiuk (M), Director of 
Design, Société Nationale des Con- 
structions Aéronautiques du Sud Est, 
France, was Chief Engineer on the 
SNCASE le Baroudeur S.E. 5000 
project. Le Baroudeur is a near-sonic 
ground-attack fighter designed to take 
off from a specially constructed and 
disposable dolly and to land on re- 
tractable skids, two main and a small 
rear one. The S.E. 5000 is powered 
with the Atar 101 axial-flow turbojet 
engine. 

p Edwin A. Link (M), President, Link 
Aviation, Inc., was recently elected 
President of the Institute of Naviga- 
tion for 1953-1954. 

» Commander Donald B. MacDiarmid, 
USCG (M), Commanding Officer, 
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Coast Guard Air Station, Elizabeth 
City, N.C., has been elected a member 
of the 1953-1954 Council of the In 
stitute of Navigation. Commander 
MacDiarmid was the recipient of The 
Octave Chanute Award for 1950 ‘‘for 
his outstanding contribution to Air 
Sea Rescue techniques by scientific 
analysis and correlation of the effect 
of wind and waves on seaplanes during 
landing, maneuvering, and take-off.” 
p> Stanley W. Smith (AF), Chief Air- 
plane Engineer, Bell Aircraft Corpora- 
tion, made the second highest score 
recorded during the Twentieth Na 
tional Soaring Contest at Harris Hill, 
N.Y. Mr. Smith earned a total of 
1,677 points. 


Members on the Move 


The purpose of this section is to provide 
information concerning the latest affilia- 
tions of IAS members. All members are, 
therefore, urged to notify the News Editor 
of changes as soon as they occur. 


Frank M. Anthony (TM), Test Engi- 
neer, Jacobs Aircraft Engine Company. 
Formerly, Stress and Blade Design Group 
Engineer, Helicopter Division, Bell Air- 
craft Corporation. 

Emmet E. Baker, Jr. (M), now Aviation 
Sales Engineer, Bendix Radio Communica- 
tions Division, Bendix Aviation Corpora 
tion. 

Commander William Bryson, USNR 
(AM), Navy Member, Staff of Assistant 
Secretary of State for Public Affairs, 
Washington, D.C. Formerly, Public In 
formation Officer, Staff, ComAirPac, U.S. 
Pacific Fleet, Naval Air Station, San 
Diego. 

Herman J. Carpenter (TM), now Lieu- 
tenant, Headquarters, Arnold Engineering 
Development Center, Tenn 

Dean B. George (TM), Project Analysis 
Group, Design Development Depart 


Emerson W. Conlon, FIAS (left), and Alfred T. Gregory, MIAS, have been appointed 
to newly created administrative positions at the Fairchild Engine Division of Fairchild Engine 


and Airplane Corporation. Mr. Conlon, formerly Professor and Chairman of the University of 
Michigan's Aeronautical Engineering Department, is now Head of Development Engineering. 
Mr. Gregory, who had been Chief Engineer of Fairchild Engine Division, is now Head of Re- 


search and Advanced Engineering. 
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Admiral John H. Towers, USN (Ret.), 
IAS Associate Fellow and Founder Member, 
has become President of Flight Safety 


Foundation, Inc. Jerome Lederer, IAS 
Fellow and Founder Member, who built up 
the organization, is now the Foundation's 
Managing Director. Admiral Towers, who 
retired from the Navy in 1947, was formerly 
eneenen to Pan American World Airways, 
ne. 


ment, The Glenn L. Martin Company 
Formerly, First Lieutenant, USAF, Project 
Engineer, Bombardment Aircraft Branch, 
Weapons System Division, Deputy for 
Operations, Wright Air Development 
Center, Wright-Patterson AFB, Ohio. 


Kenneth Goldman (TM), Aerodynami 
cist, Thermodynamics Group, Aerodynam- 
ics Department, Aerophysics Division, 
North American Aviation, Inc. Formerly, 
Research Fellow, Department of Aero 
nautical Engineering and Applied Me- 
chanics, Polytechnic Institute of Brooklyn 


Roland L. Guerin (TM), with Engi- 
neering Department, Lockheed Aircraft 
Corporation. Formerly, Captain, USAF, 
Chief, Airframes Branch, Aeronautical 
Standards Group, Headquarters, Washing- 
ton, D.C. 


Wallace G. Harkins (TM), Engineer, 
Marquardt Aircraft Company. Formerly, 
Engineer Assistant, Northrop Aircraft, 
Inc. 


Harry N. Hill (TM), with Engineering 
Research Laboratory, North American 
Aviation, Inc. Formerly, Assistant Chief, 
Engineering Design Division, Aluminum 
Research Laboratory, Aluminum Com- 
pany of America. 


Dr. James B. Kelley (M), Director of 
Research, Physics Research Laboratories, 
Inc. Formerly, Chairman, Physics De- 
partment, Hofstra College. 


Charles Klabosh (TM), Flight Test 
Engineer, Climatics Test Unit, Directorate 
of Flight and All Weather Testing, Wright 
Patterson AFB, Ohio. Formerly, Engi- 
neering Assistant, Pratt & Whitney Air- 
craft Division, United Aircraft Corpora- 
tion. 

Norbert H. Klein (TM), Chief Weights 
Engineer, Prewitt Aircraft Company. 
Formerly, Weight Engineer, Kellett Air- 
craft Corporation. 
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IRPLANE BRAKES have a tougher 
A job to stop today’s faster-landing 
airplanes than they did even five years 
ago! They have to give this improved 
performance and still be made lighter 
to allow for increased pay loads— 
whether it’s bombs, people or cargo. 
Here’s how B. F. Goodrich brakes have 
kept their weight in trim, improved 
braking efficiency for faster-landing 
B-52’s, the Boeing jet shown above. 

The B. F. Goodrich expander tube 
principle has the basic advantage that 
braking action applies equal pressure 
over the full circle of the drum, giving 
greater braking power, better load dis- 
tribution. Today's B. F. Goodrich 
brake has a new, narrow-cavity tube 
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Goodr 


B. F. Goodrich brakes cut weight 
fo stop faster airplanes 


handled with a screwdriver and wrench. 


that gives even more braking pressure, 
with Jess fluid. 

Another advance in BFG brake de- 
sign is the new kind of brake block. 
No rivets are used. The lining is 
cemented onto a light magnesium shoe. 
This means that brakes last longer, 
because more of the lining is used. 
Elimination of rivets permits full, 
positive braking down almost to the 
metal backing. 

Landings on the new brakes are safer, 
smoother. The brakes respond smoothly 
and quickly to minimum pressure, take 
emergency overloads better, cannot lock 
or grab. There are other advantages. 
Ventilated shoe dissipates heat more 
rapidly. Retractor spring action elimi- 
nates wear due to drag. Relining can be 


Send this coupon for more informa- 
tion about B. F. Goodrich aeronautical 
products. Check the items; print your 
name and address in the margin below 
(or pin to your company letterhead). 


| (Tires Pressure Sealing 
(0 Wheels and Zippers 

Brakes (Canopy Seals 

oO De-Icers Rivnuts 

| [1 Heated Rubber C Hose and other 
| : 

Avtrim accessories 

| Plastilock Please have 

| Adhesives representative call 
| Mail to The B. F. Goodrich Co., 
| Dept. A-56, Akron, Ohio 
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SELF-CONTAINED RHODES LE 


HIGH-PRESSURE (3000 psi) COMPRESSOR 
SAVES SPACE, WEIGHT, MAINTENANCE 


features: Integral package 
unit. requires only simple power 
source and reservoir connec- 
tions ... operates 500 hours con- 
tinuous duty per Specification 
MIL-C-7135... used extensively 
in military aircraft pneumatic 
systems...easy to install and 
service ...takes less than five 


minutes to install or remove en- 
tire package unit. Approved by 
U.S. Navy for installation in 
military aircraft. 


See Rhodes Lewis for these new light-weight products and systems 


Used in 


| Used in Other 
[= |= |= 
AC X 
AC & DC Compressors | | 
Hydraulically Driven Compressors X | X 
Bleed Turbine Compressors | X X 
Fiberglass Pneumatic Receivers | X xX 
Electrical & Electronic Control Systems | 
& OC X X X 
AC & DOC Motors 
X X X 
Small Accessory Turbine Drives 
Pheumatic Valves, Operated Electrically or Mechanically X X 
Solenoids, Intermittent or Continuous Duty x X x 
Pneumatic Ejection Systems X X 


Take advantage of Rhodes Lewis engineering know ledge and 
manufacturing facilities in the field of electrical and pneu- 
matic equipment. Your inquiries are cordially invited 


6151 W. 98th Street, 
Los Angeles 45, California 


ELECTRIC 
PNEUMATIC ENGINEERS -MANUFACTURERS 


AERONAUTICAL ENGINEERING REVIEW 


Subsidiary of McCulloch Motors Corporation 


5-3300 


OCTOBER, 1953 


Dr. Donald H. Loughridge (AF), Dean, 


Northwestern Technological Institute 
Formerly, Assistant Director, Reactor D« 
velopment Division, Atomic Energy Com 
mission 


Walter F. McGinty (AF), Engineering 
Manager, Transco Products, Inc For 
merly, Staff Engineer, Transco 

Dr. Angelo Miele (M), Research As 


sistant Professor, Polytechnic Institute of 


Brooklyn. Formerly, Research Associate, 


Brooklyn Polytechnic. 


Philip F. Oestricher (TM), Aerodynam 
ics Engineer, Fort Worth Division, Con 
solidated Vultee Aircraft Corporation 
Formerly, Graduate Student, Aeronautical 
Engineering Department, University of 
Florida. 

Edward M. Owen (M), Assistant Di 
rector of Military Relations, Northrop 
Aircraft, Inc. Formerly, Director, Flight 
Department, Northrop. 

Paul J. Papanek (M), Eastern District 
Manager, Marquardt Aircraft Company, 
Dayton, Ohio. Formerly, Sales Manager, 
Aircraft Products, Royal Electric Incor 
porated 


Thomas G. Preston (M), Vice-President 
and General Manager, Stratoflex of 
Canada, Inc., West Toronto, Canada 
Formerly, General Sales Manager, Prenco 
Progress and Engineering Corporation, 
Ltd., Canada 


Michael K. Rastiello (TM), Production 
Design Engineer, The Glenn L. Martin 
Company Formerly, Design Engineet 
Tri-State Design, Inc. 

Stuart L. Rich (AM), General Manager, 
Cazenovia Precision Machine Company. 
Ine Formerly, Manager, Government 
Contracts, Glowmeter Corporation. 


Richard A. Smith (TM), Stress Analyst 
“A,” Aircraft Division, Kaiser Metal 
Products, Inc. Formerly, Stress Analyst 
““A,”’ Northrop Aircraft, Inc. 


Max R. Stanley (M), Director, Flight 
Department, Northrop Aircraft, Inc 
Formerly, Assistant Director, Flight De 
partment, Northrop. 


William G. Street (AF), Staff, Design 
Development Department, The Glenn L 
Martin Company. Formerly, Project 
Chairman, Operations Research Office at 
The Johns Hopkins University, U.S 
Army 


William B. Terry, Jr. (TM), Assistant 
Administrative Engineer, Flight Refuel 
ing, Inc Formerly, Engineer, Petro 
Chemical Development Company, Inc 


Robert K. Wead (M), Head, Application 
Engineering Department, Marquardt Air 
craft Company. Formerly, Chief Project 
Engineer, Marquardt. 

Paul E. Whisenhant (AM ), Engineering 
Illustrator, Allison Division, General 
Motors Corporation. Formerly, Engineer 
ing Illustrator, Fort Worth Division, Con 
solidated Vultee Aircraft Corporation 


James J. Wilder (M), Chief of Quality 
Control, Flight Refueling, Inc.; Formerly, 
Major, Chief, Quality Control Office, 
Maintenance Engineering Division, Air 
Materiel Command, USAF. 
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Quick control response all the time with 


HYCO-SPAN 
Corin Cob les 


)UT yourself in a jet pilot’s seat. You’re whistling 
along faster than sound . . . up around 30,000 
or 40,000 ft. Then you want to change course. 
Rudder and air foils must respond instantly when 
you move the controls. They will, if your plane 
is equipped with American Hyco-Span Aircraft 
Cables. 

These cables expand and contract right along 
with the airframe, regardless of what the air tem- 
perature is. They have a higher coefficient of ex- 
pansion than either carbon or stainless steel 
cables. So they stay tight and firm . . . prevent 
mushy controls and dangerous flutter. 

This high coefficient of expansion frequently 
eliminates the need for complex temperature com- 
pensating devices. As a result, you can simplify 
the control rigging, eliminate the extra weight and 
expense of these gadgets, and materially reduce 


al 
| maintenance requirements. 
| Hyco-Span Cables are non-magnetic and have 
- corrosion resistance equal to stainless steel. 
Ss For complete technical information, send the 
e coupon. 
1 Important advantages Of nn THIS FREE BOOKLET HAS ALL THE FACTS —————~ ’ 
: HYCO-SPAN Aircraft Cables American Steel & Wire 
et Room 844, Rockefeller Bldg. j 
“ a. Stay tight and firm—even at minus 70°F, Cleveland 13, Ohio } 
. Simplify cable rigging — no temperature Please send me your summary engineering 
compensating devices needed on large report on Hyco-Span Aircraft Cable. | 
planes. i 
‘i 3. Last longer, because cable tension can be ; 1 
to stainless steel. 
curacy of electronic instruments. 


AMERICAN STEEL & WIRE DIVISION, UNITED STATES STEEL CORPORATION, GENERAL OFFICES: CLEVELAND, OHIO 
a | COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO, PACIFIC COAST DISTRIBUTORS 
TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA., SOUTHERN DISTRIBUTORS 
ty UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


| U:S:S American H1YCO-SPAN Aireraft Control Cables 
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e Aircraft Radio Corporation . . . A two- 
way ground-air VHF radio equipment, 
known as Type 12 Portable Communicator 
(VHF 118-148 mc.), is now being manu- 
factured by Aircraft Radio. The weight 
of this unit, including the carrying case, is 
36.7 Ibs. 


e AiResearch Manufacturing Company... 
Booklet No. EB-3-1, recently published by 
AiResearch, outlines the operating prin- 
ciples of AiResearch induction generators 
for aircraft and guided missiles. The 
booklet is illustrated with charts and 
photographs and contains descriptions of 
design features, operating function, per- 
formance characteristics, and applications 
of the company’s generators. It is avail- 
able through the Los Angeles office. 


© Beech Aircraft Corporation ... According 
to a recent report, Beech is now building 
the Beechcraft Model D18S transport and 
the Bonanza for commercial customers, 
the SNB trainer-transport for the Navy, 
the C-45G and T-34A for the USAF, and 
the L-23A for the Army Field Forces. 


e Bendix Radio Communications Division, 
Bendix Aviation Corporation ... A new 
glide slope receiver, the MN-100A that 
provides 20 channels in the frequency 
range of 329.3 to 335.0 mc., is now being 
marketed. Selection of the desired fre- 
quency on this unit is accomplished by 
means of a VOR-localizer-glide slope con- 
trol selector, also used in conjunction with 
Bendix NA-5 Distance Measuring Equip- 
ment. The MN-100A weighs less than 13 
Ibs... . The development of a new flush- 
mouuted magnetic loop antenna for use 
with the Bendix radio compass was re- 
cently announced. Bendix engineers have 
stated that this antenna has a sensitivity 
equal to, or greater than, the present MN- 
60 and MN-36 loops and that it will weigh 
about half as much. It is scheduled to be 
available for commercial and military avia- 
tion in the spring of 1954. 


© Boeing Airplane Company... The KC- 
97G is now being delivered to the USAF. 
These ships, eleventh model of the Strato- 
freighter series, can be used as Flying 
Boom aerial refueling tankers and as multi- 
purpose cargo, personnel, and hospital air 
evacuation transports. The new KC-97G, 
through the relocation of the aerial re- 
fueling tanks, can carry cargo items with- 
out removal of the refueling equipment. 
The KC-97G also has provisions for the 
installation of external fuel tanks... . A 
$283,018 fuel tank test laboratory is now 
under construction at the north end of 
Boeing Field, with completion scheduled 
by next February. This new facility, paid 
for by the Air Force and built by Boeing 
as a prime contractor, will include a build- 
ing for a slosh and vibration test table, 
a stand test building for determining the 
weathering properties of fuel tanks, a 
laboratory building complete with facili- 
ties for refrigerating and testing fuel tanks 
to a temperature of —85°F., and a boiler 
house. The slosh and vibration test table 
is designed to test full fuel tanks weighing 
up to 50,000 Ibs. The table will tilt 15° 
and will vibrate at various frequencies and 
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Corporate Member News 


The development of a new hand-held 
camera (above) for front-line aerial recon- 
naissance, designated the K44, has been 
announced by Fairchild Camera and In- 
strument Corporation and the USAF Air 
Research and Development Command. For 
further details, please refer to the Fairchild 
Camera item on this page. 


amplitudes, both adjustable during opera- 
tion. A large paved apron for outdoor 
tests is also planned, as are underground 
fuel tanks and a fuel distribution sys- 
tem. ...A Manufacturing Research Unit 
that conducts independent research, works 
out entire processes, and builds sample tools 
and fixtures has been formed in Boeing’s 
Tool Engineering Department. ... A new 
engineering and cafeteria building, which 
will cost approximately $850,000, is being 
erected at Boeing’s Wichita Division... . 
A Board of Directors meeting was called on 
July 23 as a result of the death on July 4 of 
Haroid E. Bowman, Boeing’s Secretary- 
Treasurer. At this meeting, Evan M. 
Nelson, formerly Seattle Division Con- 
troller, was elected Treasurer; Clyde 
Skeen, formerly Assistant Controller, was 
elected Controller; James E. Prince, Vice- 
President—-Administration, was given the 
additional duties of Secretary; J. O. 
Yeasting, formerly Vice-President—Con- 
troller, was made Vice-President— Finance; 
and Paul Ford was named Seattle Division 
Controller. 

@ The Cessna Aircraft Company... The 
second Model 310 Cessna, a small twin- 
engined executive transport, made its 
first flight the early part of the summer. 
By using both of the existing Model 310’s, 
the overall test period is expected to be 
shortened, thus permitting the production 
line to start in the early part of 1954. 

e@ The Cessna Aircraft Company, Conti- 
nental Motors Corporation, and The Good- 
year Tire & Rubber Company... Accord- 
ing to a recent announcement, a “revolu- 
tionary’’ propeller V-belt drive has been 
developed. This propeller drive system 
was tested cn a Cessna 170 powered with a 
C-145 series four Continental engine turn- 
ing a modified McCauley propeller. This 
propeller, manufactured by McCauley 
Propeller Company, was 92 in. in diameter 
with a 70° pitch. This system is said to 
produce a minimum of engine and propeller 
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vibration, a lower noise level inside and 
out, and greater efficiency from a larger, 
steeper pitched, and slower turning pro- 
peller. 

e@ Chance Vought Aircraft Division, United 
Aircraft Corporation . .. An engineering 
design facility was established in Boston 
on August 1 to handle general design work 
on some of the division’s missile and fighter 
design projects. (Selected portions of 
Chance Vought’s present backlog of engi- 
neering work is being assigned to this new 
facility.) The establishment of this 
Boston facility is expected to enable the 
division to meet the problems created by a 
shortage of engineering personnel, which, 
while general throughout the industry, is 
said to be particularly acute in the South 
west. 

© Consolidated Vultee Aircraft Corpora- 
tion... L. W. Miller has submitted his res 
ignation as Vice-President—Finance, ef- 
fective November 30. Until a successor is 
elected to this post, G. T. Bove, Treasurer, 
and D. T. Fisher, Controller, have assumed 
Mr. Miller’s duties. 

Cornell Aeronautical Laboratory, Inc... . 
The first supersonic flight ever made by 
the laboratory was made the early part of 
last summer in an F-86 Sabre piloted by 
John C. Seal, the Laboratory’s Chiet Test 
Pilot. Mr. Seal, who was the recipient of 
the Institute’s Octave Chanute Award for 
1952, passed Mach 1 during a steep dive 
made from 43,000 ft. 

Douglas Aircraft Company, Inc....A 
new low-speed wind tunnel has been built 
at theSanta Monica plant foraerodynamic, 
power-plant, and air-conditioning work 
The tunnel measures 65 ft. in length and 
25 ft. in width and is housed in a building 
that is 40 by 80 ft. The tunnel’s test sec- 
tion is 3 ft. high, 4.5 ft. wide, and 10 ft 
long. ... A pamphlet entitled Flight Fit- 
ness has been prepared by the Engineering 
Department of Douglas’s El Segundo 
Division to familiarize the pilot with cer- 
tain factors affecting the human body 
which will assist him in carrying out flight 
missions safely and efficiently. Those who 
contributed to this publication are: M. F 
Fansler, Engineer and Pilot; C. F. Lom- 
bard, Ph.D.; J. R. Poppen, M.D., and 
Walter A. Durnin, Jr., Art. Dr. Poppen, 
an IAS Member, is Consultant in Aviation 
Medicine at the El Segundo plant. . . . Fol 
lowing an action of the company’s Board 
of Directors by which that body was in 
creased from 13 to 15 members, Donald 
W. Douglas, Jr., Vice-President—Military 
Sales, Nat Paschall, Vice-President 
Commercial Sales, and Stanley G. Welsh 
were elected Douglas Directors. One 
vacancy had been created through the 
resignation of William E. Douglas. 


@ Eclipse-Pioneer Division, Bendix Avia- 
tion Corporation ... Plant No. 2, adding 
103,250 sq.ft. to Eclipse-Pioneer’s manu- 
facturing facilities, has been constructed 
at Teterboro, N.J., to relieve heavy pres- 
sure on the division’s main manufacturing 
plant located nearby. This is the largest 
single expansion of Bendix’ North Jersey 
manufacturing facilities since 1942. 


@ Fairchild Camera and Instrument Cor- 
poration ... The recently announced K44 
hand-held camera, designed by Fairchild 
for front-line aerial reconnaissance from 


$0 
| 
| 
| 
| 
| 
| 
| 


AERONAUTICAL ENGINEERING REVIEW 


SPECIALIZED 
POWER 


FAIRCHILD 


JET POWER for a guided missile... take-off boost for 
a commercial or military transport ... main power source 
for a piloted plane...these are potential, uses for the 
Fairchild turbojet engines. 


The J-44, now in production, was the first choice for the 
new high-speed, high-altitude Ryan Firebee target drone. 
This engine design, proving its worth teday, has unlimited 
possibilities for tomorrow. 

* * * 
FAIRCHILD’S monocoque construction is another impor- 
tant development by an organization with over 25 years 
of power plant experience. Working for all three branches 
of the services, this development and production team is 
looking ahead to meet the challenge of specialized power 
on land, in the sea, and in the air. 


jJ-44 SPECIFICATIONS 


Announced thrust ...................... 1000 lbs 
Weight 300 lbs 
Length, 72 inches 


mounted without aft support. 


Aircraft Division, Hagerstown, Md. 
Guided Missiles Division, Wyandanch, L.I., N.Y. 


onocoque rigidity makes possible 
designs in which engine is cantilever- 


F ENGINE AND AIRPLANE CORPORATION 


AIRCHILD 


Farmingdale, L.I., N.Y. 
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PRODUCTION, with unique monocoque 
construction, minimizes heavy castings and 
machined parts, speeds up manufacturing. 


OVERHAUL and service is simplified — 
shown are only tools required for complete 
assembly or dissembly. 


INSTALLATION is simplified with remov- 
able accessory section, containing essential 
controls, fuel pump and electrical units. 
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REVIKW 


What may be this country's first completely mechanized jet-engine conveyer system was 
recently installed at the General Electric Company plant near Cincinnati. This production-line 
picture shows a part of that system, with J-47 jet engines hanging batlike from an overhead 
conveyer. This new system permits the J-47's to be moved automatically from station to 
station, thus allowing the worker to concentrate fully on assembling the engine parts. 


U.S. Army liaison planes, has completed 
tests at the Air Force’s Air Research and 
Development Command and was de 
livered in midsummer to the Army for fur 
ther testing. The shutter on the K44 is a 
new version of the corporation’s **Rapi 
dyne”’ design; speeds of 1/50, 1/100, 
1/200, and 1/400 sec. are possible. The 
camera may be operated manually with a 
forward and backward movement of the 
right-hand grip, or, by flipping a switch 


A pictorial record of the flight path of a helicopter during a nor 


and connecting a plug, it becomes semi- or 
fully automatic and can take sequence 
pictures at the rate of 75 per min. Using 
50-ft. rolls of 5-in. film, the K44 can take 
any number of exposures that can be cut 
off with a built-in knife arrangement, 
wound into its special film cassettes, and 
dropped by a small parachute for immedi 
ate development by the front-line ground 
forces. A 6-in. f/4 lens mounted in a metal 
cone can be supplemented with a 12-in. 


*ee 
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mal landing and take off (at New York Inter- 
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lens for telephoto requirements. Both 
shutter and aperture controls are set by 
dials mounted on the exterior of the lens 
cone. (See photo on p. 80.) 


@ General Electric Company ... The 
second edition of G-E’s Measuring Equip 
ment for Laburatory and Production Testin, 
Including Radiation Instruments is now 
available from the Schenectady, N.Y, 
office. This fully illustrated publication, 
GEC-1016A, contains information on 
products ranging from simple current in 
dicators to completely automatic oscillo 
graphs, from surface roughness scales to 
mass spectrometers, and from d.c. am 
plifiers to radiation monitors. ... Two new 
bulletins on G-E’s aircraft generator sys 
tems are also available. One of the two 
bulletins, 28 Volt DC Generator Systems for 
Aircraft, outlines the advantages of using 
a complete system. Photos and descrip 
tions of each component part of the system 
are also included. The other bulletin, AC 
Generator Systems for Aircraft, shows, 
among other things, photos and detailed 
descriptions of three-phase alternators, 
static generator regulators, and control 
panels 


e The B. F. Goodrich Company... A new 
thermal-insulating material has been de 
veloped by Goodrich at the Defense De 
partment’s request for use in the rocket 
and guided-missile field. This insulation, 


known as “Pyrolock,’”’ can be sprayed on 
clean metal surfaces, adhering to them 


national Airport) is shown in this aeensons picture taken with the Fairchild Model IV-A Photographic Flight 


Analyzer. 


This Analyzer was developed by 
IAS Fellow, Founder Member, and Benefactor, is Founder and President. 
it will freeze target motion at speeds up to 600 m.p.h. 


erman Fairchild & Associates, Inc., of which Sherman M. Fairchild, 
Designed for daylight lighting conditions, 
It uses a special 8- by 10-in. photographic glass plate divided 


into approximately 58 narrow vertical frames, each of these strips being exposed in sequence as the aircraft passes 


within the range of the camera's wide-angle lens. 
records the time intervals to an accuracy within 0.001 sec. on each exposure. 


A built-in timing device, shown in the lower part of the picture, 
One method of determining the scale of 


the resulting picture is by a simple geometric relation between (1) the known offset distance of the Analyzer from 
the flight path and (2) the focal length of the lens. Thus, if the instrument is offset 1,000 ft. from the Aight course 
with a 6-in. (or 0.5-ft.) focal-length lens, the scale of the recording is 1,000:0.5 or 2,000:1. 
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without using either sandblasting or prim- 
ing-surface preparations. Metals treated 
with a '/ig-in. coating of Pyrolock are 
said to be protected for as long as 10 sec. 
against flame temperatures hotter than 
their various melting points. According 
to company claims, this nontoxic non- 
flammable and nonexplosive material is 
resistant to most solvents and chemicals 
and can withstand indefinitely tempera- 
ture cycles of —60° to +165°F. 


e The Goodyear Tire and Rubber Com- 
pany... Astreamlined model of the World 
War II intermediate-range K-type airship 
is now under construction at Goodyear 
Aircraft Corporation’s Wingfoot Lake 
Airship Base near Akron, Ohio. This new 
model, knoven as the Goodyear ZP4K, has 
a capacity of 527,000 cu.ft., a 15.5 per cent 
increase in capacity over the original ‘‘K”’ 
ships used by the U.S. Navy in the Anti- 
Submarine Warfare units. The ZP4K will 
be equipped with the latest ASW devices 
and will be powered with two radial air- 
cooled engines mounted on outriggers and 
driving two 11-ft., 6-in., three-bladed full- 
feathering controllable-pitch reversible 
propellers. It will have a top speed in the 
neighborhood of 65 knots and will be able 
to maintain low speeds or to hover prac- 
tically motionless on the track of under- 
surface craft. The blimp’s flight controls 
will be subject to manual or automatic 
pilot operation. Although the number of 
new ZP4K airships under construction was 
not disclosed, it was said that Goodyear 
Aircraft is also building a number of larger 
and longer range ‘‘N’’-type nonrigid air 
ships for the Navy’s ASW. 


© Lockheed Aircraft Corporation ... The 
first production model of an automatic 
ejection seat using telescoping guide rails 
to ‘‘steer” it out of the cockpit was put on 
display last August 3. These guide rails 
are composed of two specially constructed 
sections, each about 3 ft. long, which guide 
the seat up to 48 in., instead of the 28 in. of 
previous types. This extra length permits 
the seat to be guided well above the top 
of the cockpit sill and is said to give the 
seat a high trajectory after ejection, 
thereby gaining additional clearance over 
the airplane. This new ejection seat is 
now being factory installed in the Lock- 
heed F-94C Starfire. 


@ Marquardt Aircraft Company... An Ap 

plication Engineering Department has 
been established at Marquardt with R. K 

Wead, MIAS, as its head. 


@ The Glenn L. Martin Company... A 
rotary bomb door from which bombs and 
rockets have been successfully launched at 
high speeds has been patented by two 
Martin Armament Engineers, Werner 
Buchal and Albert T. Woollens. This 
patent, No. 2,634,656, has been assigned 
to the Martin Company. Immediately 
prier to bomb release, the new preload door 
rotates 180° to operating position, with the 
bombs then becoming externally carried 
stores. Except for the time involved in 
turning this door from one position to the 
other, there is no opening in the fuselage, 
hence no buffeting or turbulence in the 
bomb bay area and no need to slow down 
the airplane to obtain the required stable 
platform. The Martin rotary bomb door 
is also said to prevent ‘‘tumbling’’ of the 
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t the category of personal aircraft, 


there is no name better known than Piper. 
Leading the trend in this field 
toward faster, safer, roomier planes 
is the new twin-engined Piper PA-23 “APACHE”. 
For this sleek ship — practical for 
night. flying under instrument control — 
Electrol engineers integrated their 
technical skill with that of 
Piper designers to build 
the necessary hydraulic components. 


This same coordinated effort is at the 


disposal of all aircraft manufacturers. 


Flectrol 


HYDRAULICS 


KINGSTON, NEW-YORK 


CYLINDERS * SELECTOR VALVES * FOLLOW-UP VALVES 
CHECK VALVES «+ RELIEF VALVES * HAND PUMPS 
POWERPAKS + LANDING GEAR OLEOS * SOLENOID 
VALVES ON-OFF VALVES+ SERVO CYLINDERS * TRANSFER 
“| VALVES * CUT-OUT VALVES * SPEED CONTROL VALVES 
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bombs by having each bomb or cluster 
“kicked out’’ of its shackle by two air- 
actuated plungers that are aided by a 
radius arm. The door itself is removable 
from the airplane. When out of the plane, 
it is mounted on wheels and raised into 
position by using three standard bomb 
hoists. It is fitted into its place so that it 
can be revolved on trunions at the front 
and rear ends. With larger sizes of bombs, 
the load may be split, two being carried on 
the bottom of the door as external stores 
at the start of the flight. After these two 
bombs have been released, the door is re- 
volved to permit those that have been car- 
ried internally to be released . . . . The first 
USAF B-57 night fighter, manufactured 
by Martin, made its maiden flight on July 
20. The B-57 was developed from the 
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basic design of the English Electric Can- 
berra. 

e North American Aviation, Inc. ... On 
July 16 a North American F-86D Sabre, 
powered by an improved General Electric 
J47-17 jet engine, established a new 
world’s speed record of 715.697 m.p.h. in 
USAF tests over a 3-km. course at Salton 
Sea, Calif. The pilot was Lt. Col. William 
F. Barns, Air Materiel Command rep- 
resentative at North American’s Los 
Angeles plant. The time in each of the 
four required passes over the measured 
course was 720.574, 710.514, 721.351, and 
710.350 m.p.h. The four runs, two in each 
direction, were made between the pre- 
scribed maximum and minimum altitudes 
of 1,640 ft. (500 meters) and 328 ft. (100 
meters). Smoke markers indicated the 


BH. AIRCRAFT CO. ne. 


FARMINGDALE, NEW YORK 
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start and finish of the course. The record 
flight was conducted under the rules of the 
Fédération Aéronautique Internationale 
and the National Aeronautic Associa 
tion... . An engineering flight-test hangar, 
now being constructed on the north side of 
the Palmdale Airport, Calif., is part of the 
USAF development at that field; it will 
be owned by the U.S. Government and 
will be leased to North American. When 
this 360- by 220-ft. hangar is completed, 
North American is planning to transfer to 
Palmdale that part of its engineering flight 
test operations now located at Edwards 
AFB, Calif... . According to a July 8 an 
nouncement, the prototype of the USAF 
F-100 supersonic turbojet-powered fighter 
successfully completed its first test flights 
This North American fighter, powered by 
a Pratt & Whitney J-57 jet engine, is now 
in production at the company’s Los 
Angeles plant. The other successful 
first flights of two North American-de- 
signed aircraft were announced in mid 
summer. One was an F-86 Sabre built 
under license by Commonwealth Aircraft 
Corporation in Australia and powered by a 
British Rolls Royce Avon engine. The 
other aircraft was the prototype of the 
North American FJ-3 Fury, powered by 
the Wright J-65 Sapphire. The FJ-3 is 
being produced at the company’s Colum 
bus Division. . . . 


@ Northrop Aircraft, Inc. . A special 
Titanium Committee has been established 
at Northrop to determine not only the 
possibility of using titanium in current 
and future design projects but also whether 
each proposal is economically sound. 


@ The Parker Appliance Company... In 
line with Parker’s expansion program, 
Reginald P. MacDonald has been named 
Sales Engineer for the company’s new 
Engine Accessories Division. Mr. Mac- 
Donald, who was formerly with General 
Electric Company, will specialize in jet 
engine components. 


Republic Aviation Corporation . . . The 
last of 4,457 Thunderjets built for the 
U.S. Air Force was delivered on July 27. 
Republic’s production lines are now being 
devoted entirely to volume output of the 
Thunderjet’s successor, the swept-wing 
F-84F Thunderstreak. 


e Simmonds Aerocessories, Inc. . . . The 
Electronics Engineering Department has 
been expanded to include a communica 
tions development project. This new engi- 
neering project is located at the Simmonds 
Development Center at Tarrytown, N.Y 


Solar Aircraft Company .. . According 
to a recent company release, the nation’s 
first conveyorized mass-production facility 
built forapplying high-temperature ceramic 
coatings to alloy steel components has 
gone into operation at the San Diego plant 
This 4,000-sq.ft. installation, representing 
an investment of more than $150,000, is 
said to cut coating time in half on critical 
jet-engine parts. This facility, now being 
used to coat inner combustion chambers 
and transition liners for General Electric 
Company’s J-47 turbojet engines, is able 
to handle 5,000 combustion chambers and 
an equal number of the transition liners 
per month on a single-shift operation and 
with a working force of 12 employees. 
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Why Put Up With DOWN.TIME? 


(AN-6231-A) 


Protect your hydraulic equipment 


with HYDRO-WYPES! 


Why waste productive time because of dirt—dirt 
that ruins packings, scratches cylinder walls or 
damages internal parts of your equipment. Keep 
piston rods clean, and you keep that equipment 
at peak efficiency longer. Use precision-fit Hydro- 
Wype Scraper Rings. Tested and proved at over 
2 million cycles——used in all types of hydraulic 
and mechanical components. Approved Specifi- 
cation MIL-S-5049. Write ATSCO for catalog. 


4217 North Main Street 
atsco Dept. R, Dayton 5, Ohio 
Nation-wide sales and service representatives for: 


Electrical Equipment 


REX “RH HEOSTAT 


Cy 
SLIDE- CONTACT 
RHEOSTATS 


AnD RESISTORS 
WRITE FOR NEW CATALOG. 6 sizes 120 DIFF. UNITS 


Enterprising 


SENIOR 
AERONAUTICAL 
ENGINEER 


in STABILITY and CONTROL 


ee: Send resumé of training and experience 
Pg to M. L. TAYLOR, Engineering Personnel Dept. 6-U 


VULTEE 


IN FRIENDLY FORT WORTH, TEXAS 7 WORTH, TEXAS 


trained hands reach 
for precision-made 
instruments 


Designed especially for engineers 
and draftsmen, precision-made 
MICROTOMIC Drawing Pencils 
meet every requirement. The 
result of over a century of 
pencil-making “know-how” 
backed by constant Eberhard 
Faber research. See the dif- 
ference—prove it to your 
satisfaction! 


Compare any of Microtom- 
ic’s 18 degrees in your own 
drafting room. To make 
this test easy and without 
cost—write us for a sample 
(specify degree wanted). 
Only Microtomic 
gives you 

all these features: 


HI-DENSITY LEADS 
Lines are opaque to actinic 
rays of high speed ‘printers’. 
ABSOLUTELY UNIFORM 


Every Microtomic of the same 
degree marking is identical. 


NEW DUSK GRAY 


Scores of professional men 
acclaimed it the best color for 
a drawing pencil. 


BULL'S EYE DEGREE MARKING 


Easier to read... quicker to 
find—positive identification. 


ALSO —Choice of Holders and 
Microtomic Drawing Leads. 


EDERHARD FABER 


since 1849 
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To me 


BARBER 


COLMAN Controls |= 


| BASIC 


erate 


bridge 

Actua 

completely integrated, highly sensitive remote positioning lay wl 

systems for a wide variety of controls needed throughout today’s aircraft oid 
HIGE 


Typical uses of Barber-Colman 
Remote Positioning Systems 


Temperature Control Mixing Valves 
Throttle Control—Aircraft and Missiles 
Flap Control 

Rudder Control 

Hydro-flap Control 

Servo Controls and Computers 

Jet Tail Pipe Orifice Control 

Camera Mount Control 

Propeller Pitch Control 

Nose Wheel Steering Control 


plus many other 
classified applications 


TYPICAL ELECTRONIC CONTROL BOX— Note the com- 
pactness of components! Unit illustrated is complete 
electronic control, including two double pole — double 
throw output relays. Entire assembly filtered to meet 
requirements of MIL-I-6181 to 150 mc. Approximate 
weight 2 lb. 8 oz. 
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To meet the constantly growing need for remote 
control of various components on today’s complex 
aircraft and missiles, Barber-Colman Company now 
makes three types of positioning systems. 

Each is a complete system. Listed below in order 
of increasing accuracy, outstanding features of each 
are as follows: 


BASIC REMOTE POSITIONING—Ideal for mod- 
erate speed control applications. Basically a d-c 
bridge with transmitting and receiving rheostats. 
Actuator is energized by null-seeking polarized re- 
lay which detects unbalance signal. Simplicity and 
ruggedness are important features for long life and 
ease of maintenance. 


HIGH-SPEED POSITIONING— Liilizes a unique 
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velocity feedback circuit directly to coil of ultra- 
sensitive polarized relay. Simple adjustment of 
amount of feedback permits actuator speeds up to 
90° per second, with any degree of damping. Over- 
travel or hunting may be completely eliminated. 


ELECTRONIC HIGH-SPEED POSITIONING—For 
applications requiring the utmost in position ac- 
curacy at any speeds. Extensive circuit research 
has produced an extremely simple, lightweight con- 
trol resulting in maximum performance. Available 
for operation with either low or high impedance, 
a-c or d-c inputs. 

Whenever you have a need for remote position- 
ing controls, consult Barber-Colman engineers for 
the system best suited to your application. Send 
coupon below for details. 


1953 


BARBER-COLMAN COMPANY, ROCKFORD, ILL., U.S. A. 
Dept. J, 1424 Rock St. @ Field offices in aircraft centers 
Gentlemen: Please send data on this positioning system: 


BARBE 


COLMAN Ai rcratt Controls 


Name 

Firm Name 


City 


Aircraft Controls Automatic Controls Industrial Instruments Small 


Molded 
Textile Machinery 


Motors « Air Distribution Products * OVERdoors and Operators * 


Products * Metal Cutting Tools * Machine Tools «¢ 
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e The H. I. Thompson Company... The 
name of this firm, manufacturers of insula- 
tion products, has been changed to H. I. 
Thompson Fiber Glass Company. 


e Trans World Airlines, Inc. ... A. V. 
Leslie has rejoined TWA as Vice-Presi- 
dent—Finance and Treasurer. Mr. Leslie, 
who left TWA in 1950 after serving for 3 
years as Vice-President and Treasurer, 
served during the interim period as Vice- 
President of Hughes Tool Company. Mr. 
Leslie succeeds Erle M. Constable as 
Treasurer. Mr. Constable resigned to ac- 
cept an executive position with an aircraft 
manufacturing company. 


@ United Air Lines, Inc. . . . A new 90,000- 
sq.ft. air-line building, erected by the City 
of Denver, Colo., with CAA support and 
leased to United for a 30-year period, was 
occupied by United on July 16. This 
$1,284,000 structure, which forms the 
northwest wing of the Denver terminal 
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building, is now functioning as the com- 
pany’s Flight Operations and Transport 
Services headquarters A six-bay 
hangar and a_ 68,000-sq.ft. operations 
building to be built at New York Inter- 
national Airport by the Port of New York 
Authority have been leased to United for 
20 years with an option for renewal at the 
end of that period. The hangar will be 
able to accommodate simultaneously four 
twin-engined and six four-engined aircraft 
of the types now flying or to be built in the 
future. Occupancy of these $5,000,000 
facilities is scheduled for the spring of 1955. 
© United Aircraft Corporation ... A license 
to manufacture the Hamilton Standard 
Cold-Air Unit for turboprop and turbojet 
aircraft has been granted to de Havilland 
Propellers Limited, of England. The 
license permits the sale of these refrigera- 
tion units for use in British aircraft 
throughout the British Commonwealth 
and in certain other countries. 


Meet Your Section Chairman 


Alfred F. Stott 


Chicago Section 


Alfred Frank Stott, a native of 
Grand Rapids, Mich., completed grade 
school in 1925 at Appleton, Wis. Four 

years and _ four 

: schools later, he 

( was graduated from 
-—€ the Bay View High 
School in  Mil- 
waukee. Septem- 
ber of that year, 
1929, found him 
in Los Angeles as 
an aeronautical en- 
gineering student at the Western College 
of Aeronautics, since taken over by the 
Hancock College in Santa Maria, Calif. 
By taking day and night classes, he was 
able to finish the required work in 
slightly over 2 years and was graduated 
in December of 1931. 

The following February, Mr. Stott 
became associated with the Milwaukee 
Parts Corporation where he was Assist- 
ant Engineer and Chief Mechanic. He 
left their employ in April of 1935 and 
joined the faculty of The Aeronautics 
Academy, Inc. He is now Dean of 
Engineering in the Academy’s Engineer- 
ing School and Chief Instructor in the 
Mechanics School. His time at the 
Academy is divided among preparing 
the curriculums for the Engineering 
and Mechanics schools, teaching in 
both schools, being in charge of all 
school personnel and student place- 
ment, and serving as Faculty Adviser to 
the Academy’s IAS Student Branch. 


From 1939 to 1943, a Mechanics 
Training Program was conducted at the 
Academy for USAAF enlisted personnel. 
For this program, Mr. Stott served as 
Assistant Director of Training and 
Personnel Director. He was also active 
during World War II in selective service 
and war man-power problems. 

Mr. Stott lists three ‘‘most interesting 
episodes” of his career. While all three 
are important, the first one definitely 
overshadows the other two. 

Concerning the first event, he says, 
“T have had a lot of really happy and 
interesting experiences, but probably 
the one that closest affected me was my 
marriage to one of my pupils [Martha 
Jane Allyn] upon completion of her 
aeronautical engineering course. I be- 
lieve she was one of the first girls ever 
to receive a degree in aeronautical 
engineering.” Their marriage took 
place on June 26, 1937, and they are 
now the parents of two boys, Jim, aged 
13, and Tad, aged 10, and of two girls, 
Carol, aged 8, and Laura, aged 6. 

As the second “most interesting 
episode”’ he lists ‘the wonderful times 
I have had and friends I’ve made as a 
result of my Chicago IAS Section work.” 
His third one consists of “being lucky 
enough to play Goalie on a State 
Championship High School Soccer team 
while in my freshman year.”’ 

For the past 18 years, Mr. Stott has 
held active CAA certificates as an Air- 
plane and Engine Mechanic, a Ground 
Instructor, and a Parachute Rigger. 
He was an active pilot from 1927 
through 1936. 
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IAS Sections 


Dayton Section 
W. Donald Dodd, Jr., Secretary 


The 1952-1953 season of the Dayton 
Section was concluded on May 27 with 
an excellent dinner meeting and a plant 
tour of Aeronca Manufacturing Corpo- 
ration. The tour was arranged by Ed 
Ledeen, of the Program Committee. 
It included interesting insights into the 
lofting, die pattern, master gage press, 
and stretch-forming departments and 
ended in the assembly shop where the 
many components are put together to 
form the finished product. 
> The following persons were elected to 
office for the 1953-1954 season: Chair- 
man, Charles L. Hall; Vice-Chairman, 
G. J. McTigue; Secretary, W. D. Dodd, 
Jr.; and Treasurer, C. I. Lathrem. 
T. J. Keating and Dr. G. Graetzer are 
serving as Councilmen. The foregoing 
officers were formally installed at the 
September meeting. 


New York Section 
Frederick K. Teichmann, Chairman 


The following slate of officers was 
elected for 1953-1954: Chairman, Fred- 
erick K. Teichmann; Vice-Chairman, 
Charles Tilgner, Jr.; and Secretary- 
Treasurer, Theodore F. Hammen, Jr. 
Members of the Advisory Board are: 
C. E. Pappas; Bruce G. Eaton, Jr.; 
Scott Flower; Norman L. Winter; 
Kenneth Campbell; Nicholas J. Hoff; 
Clayton C. Shangraw; and R. Paul 
Harrington. Jerome Lederer is the Sec- 
tion Representative to the Nominating 
Committee for Area Councilors. 


Ottawa Aeronautical Society 


H. C. Oatway 
Outgoing Secretary 


At the Ottawa Aeronautical Society’s 
annual meeting on April 30, the follow- 
ing officers were elected: Chairman, 
Group Captain H. R. Foottit, RCAF; 
 Secretary-Treasurer, Squadron 
Leader D. C. Wilson, RCAF. J. 
Lukasiewicz was chosen to represent 
the IAS members, while Group Captain 
C. W. Crossland, RCAF, and R. N. 
Redmayne were selected to represent 
the membership of the EIC and the 
affiliates, respectively. 


San Diego Section 


Earl R. Hinz 
Corresponding Secretary 


The recently revived technical sessions 
of the San Diego Section are gaining 
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Increase the use of your Baldwin Testing 
machines with these accessories 
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Extension Under Load Indicator 


Used with a microformer type extensometer, this 
indicator will give you both a visual and audible 
signal at any desired predetermined amount of 
extension under load (such as 5% of the gage 
length). 


SR-4 Extensometer and 
Strain Gage Recorder 


This records on a chart a load-elongation 
graph for determining the elastic and 
plastic properties of materials. Various 
types are available, 


High Temperature Testing Equipment 


Includes electric furnace (A), high tempera- 
ture extensometer (B), and temperature 
controller (C) which enable you to test 
metals at high temperatures. Various 
models are available for temperatures 
up to and including 2200° F. 


Air Cell 
(with Bourdon tube-type indicators) 

Inserted in the grip slot and arranged to 
work with the testing machine indicator or a 
portable indicator, the Air Cell extends the 
precision ranges down to one pound full 
scale on any machine. This permits testing of 
light materials such as plastics, textiles, wood, 


foils, fibers, etc. with machines intended for 
higher capacities. (Bulletin 264.) 


Strain Rate Pacer 


(Shown with Microformer Recorder.) This de- 
vice enables you to maintain percisely a 
constant straining rate of the test specimen 
gage length during the loading of the test 
specimen. Standard pacing speeds from 
-00025 to .25 inch per minute are available. 


BULLETIN 261-A, a 12 page booklet, illustrates 
and describes fully Baldwin's line of grips, acces- 
sories and auxiliary equipment. Write Dept.2301, 

Baldwin-Lima-Hamilt“n Corporation, Philadelphia 
42, Pennsylvania. 


Ram Pacer 


This controls ram speed at desired rate (8 
pacing speeds, from 0.01 to 1.0 inch per 
minute). Enables you to meet test specifica- 
tions. High magnification types for infinitely 
variable speeds from 0.002 to 4.0 inches 
per minute also available. 


TESTING HEADQUARTERS 


BALDWIN-LIMA-HAMILTON 


Philadelphia 42, Pa. « Offices in Principal Cities 
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fits close quarters 
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in jet engines 


For best space factor, “plumb’’ with 
Resistoflex Hose Assemblies fitted 
with integral aluminum elbows 


@ Jet engines have little space to spare for hose 
lines. For these close quarters, Resistoflex hose 
assemblies with integral elbows seem made to 
order. Fittings are compact, close-coupled — yet 
with ample wrench clearance. Available in a 
variety of useful angles, they also eliminate need 
for combinations of swivel nut assemblies with 
individual adapters. This not only improves space 
factors further, but also eliminates extra parts. 


Forged and machined in one piece from high 
strength aluminum, Resistoflex fittings offer extra 
resistance to fatigue. True internal turns and 
smoothly finished interiors assure full flow with 
minimum turbulence. 


Extra tough to start with, and in mass produc- 
tion for over 4 years, these Resistoflex fittings 
have had 100% trouble-free service. Flanged fit- 
tings are USAF and BuAER approved. Send for 
Resistoflex Aircraft Products Catalog —it gives 
more data. 


HOW YOU BENEFIT WITH “FLUOROFLEX-T” BACK UP RINGS 


Made from “Teflon” resin, 
Fluoroflex-T anti-extrusion 
washers for use with “O” 
rings (1) resist heat... (2) 
reduce friction . .. (3) don’t 
fray, swell, shrink, harden, or 
soften in oils... (4) simplify 
installation . .. (5) increase 
life of the assembly. Write 
for bulletin FR-1. 


RESISTOFLEX 


CORPORATION 
Belleville 9, New Jersey 


Engineered Flexible Resistant Products for Industry 
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increasing popularity, as the attendance 
at the two July sessions indicated. 
Both meetings were held in the IAS 
Building, and the question-and-answer 
periods following the talks were accom 
panied by coffee and donuts served in 
the dining room. These added refresh 
ments have tended to stimulate the 
informal discussions following the talks 
and thereby greatly increased the value 
of the meetings 


v 


The first technical session of the 
month was held July 9, with Rod Streed 
as Technical Chairman. The speaker 
was Dr. Hans Friedrich, a Design Spe- 
cialist at Consolidated Vultee Aircraft 
Corporation, who discussed the de- 
velopment and principles of the ‘“V-2 
Control System.’’ Dr. Friedrich was 
the leader of the group that developed 
the V-2 control system during World 
War II; so he was well qualified to 
present this talk. 

Although the V-2 is now considered 
an “old” design, its means of control is 
still useful. Combined rocket-jet vanes 
and the more conventional ailerons pro- 
duced the controlling moments for 
stabilized flight. The attitude-sensing 
device was a conventional type of gyro, 
because rate gyros were still in the un- 
developed stage. A double-lead elec- 
trical network was then used to interpret 
the plain gyro signal that in turn was 
converted to an a.c. voltage by a ring 
modulator for amplification. The end 
control movement was then affected 
through hydraulic motors. 

Dr. Friedrich explained his reason for 
basing the evening’s talk on the dated 
V-2. Security is usually a matter of 
time, and unclassified subjects are 
limited to the older developments or 
futuristic thinking. In the case of the 
older developments, results have been 
obtained, and performance can be evalu- 
ated. 
> The second technical session of the 
month was held July 23, with Dick 
White as Technical Chairman. The 
speaker, Seth Gunthorp, Research Test 
Engineer at Convair, presented a talk 
on “Structural Adhesives in Aircraft.”’ 

Mr. Gunthorp confined his discussion 
to the design of “glued” joints, a 
subject of more direct importance to 
designers than the make-up of the many 
adhesives available. The fundamental 
advantage of adhesive joining of metals 
is found in the fact that loads are carried 
over much larger areas without increas- 
ing joint size. 

A basic criterion in glued-joint design 
is the avoidance of sharp discontinuities 
at the edges of mating sheets. In 
simple lapped joints, concentrated bend- 
ing occurs at these edges, putting the 
adhesive under high tensile load. The 
optimum method of avoiding concen- 
trated loads would be to use scarfed 
edges on the mating sheets. Because 
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This specialized EEMCO motor design 
employs an in line double spur gear 
reduction for heavier operating loads 
or applications where shock loads are 
experienced, suchas air compressors. 
It is rated at 2!/, h.p. for continuous 


duty, 27 volts D.C. Output speed is ELECTRICAL 
3650 RPM. Unit includes radio noise ENGINEERING 


filter and standard AND 20001 


mounting pad and drive. & MFG. CORP. 
4612 West Jefferson Blvd. 
Los Angeles 16, California 
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of the impracticability of scarfing opera- 
tions, an alternate method of stepped 
edges using a thin filler plate reduces 
the magnitude of the discontinuous load 
concentrations to an acceptable level. 
These filler or stiffener plates are about 
one-quarter the thickness of the parent 
material. 

An interesting technique in producing 
honeycomb structures was described by 
the speaker. A fiber glass cloth im- 
pregnated with the adhesive is sand- 
wiched between the outer plates and the 
honeycomb core. This cloth serves to 
effect a better distribution of the 
adhesive between mating parts and to 
produce more reliable stronger 
joints. 


San Francisco Section 
E. A. Quarterman, Secretary 


A meeting was held jointly with the 
Northern California Section of the 
American Rocket Society at Ramor 
Oaks, Atherton, Calif., on June 18. 
H. Julian Allen, Chairman of the IAS 
San Francisco Section, presided and 
introduced the ARS members. Thirty- 
five persons attended the dinner, and 
4) more joined the group later. 

William W. Kellogg, of Boeing Air- 
plane Company, was the guest speaker 
and spoke on the topic, ‘Possibilities 
of Space Travel.” Mr. Kellogg’s ad- 
dress is summarized as follows: 

The feasibility of a lunar trip still 
depends upon fundamental principles 
that have not been altered. Man has 
evolved with a body fitted for life at the 
bottom of the earth’s atmosphere. 

Basic data do not exist to make the 
extrapolation to outer space, even to 
specify the environment much above 
the surface of the earth. Before engi- 
neering techniques may be applied, 
data are required about the primary 
cosmic radiation and meteorite spectral 
distributions. These data are most 
easily obtained with a small unmanned 
satellite vehicle in a  200-300-mile 
orbit, which vehicle is within the realm 
of current technology. If favorable 
data are obtained, it is possible to 
proceed with engineering preparations 
for the circumlunar voyage; if not, the 
facts should be faced. 

Currently, only the V-2, or A-4, 
rocket, along with the experiments and 
plans for utilizing it, is available to 
review the technical problems and 
analyze progress of rocket flight. 
Nuclear energy used thermodynamically 
to provide its own propellant mass is not 
practical. Basic problems of heat re- 
jection for nuclear heat sources have 
to be faced. Any efficiency of achieving 
escape velocity by use of a satellite 
orbiting vehicle is overshadowed by the 
magnitude of the engineering problems 
without the orbital refueling. 
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Members Elected 


The following applicants for membership or applicants for change of previous grades 
have been admitted since the publication of the list in the last issue of the REVIEW. 


Elected to Associate Fellow Grade 


Amstutz, Eduard, M.E., President, 
Swiss Federal Lab. & Vice-Chairman, Bd. 
of Directors ‘‘Swissair.”’ 


Transferred to Associate Fellow 
rade 


Heald, Ervin R., B.S. in Ae.E., Design 
Specialist, Douglas Aircraft Co., Inc. (El 
Segundo). 

Lowell, Arthur L., M.S., Ch. of Aero- 
dynamics, Missile Engrg. Div., McDonnell 
Aircraft Corp. 

Staros, Basil, Ae.E., Sr. Proj. Engr., 
Sperry Gyroscope Co. Diyv., The Sperry 
Corp. 


Elected to MEMBER Grade 


Ames, Robert S., M.E., Mgr., Canopy & 
Laminate Departments, Goodyear Air- 
craft Corp. 

Anker, Carl L., B.S.C.E., Engr. ‘‘A,” 
Stress, Hayes Aircraft Corp 

Buitron, Gilbert, B.S.Ae.E., Product 
Test Engr., Ford Aircraft Engine Div. 
(Chicago). 

Dietiker, Gilbert, Grad. in Aer. Eng, 
Engr., Canadair, Ltd. 

Drougge, Georg, Dr.Ph., Head, Super- 
sonic Div. & Wind Tunnels & First Re- 
search Engr., The Aeronautical Research 
Institute of Sweden. 

Hatt, Fenwick G., Jr., B.S.Ch.E., Test 
Engr. “‘A,”” Ordnance Aerophysics Lab. 
(Texas). 

Herwald, Seymour W., Ph.D., Engrg. 
Mgr., Air Arm Div., Westinghouse Elec- 
tric Corp. (Friendship Airport). 

Hingeley, James M., B.S. Industrial 
Engrg., Ch. Specifications Engr., Fairchild 
Aircraft Div., Fairchild Engine & Airplane 
Corp. (Hagerstown). 

Hodgson, Albert A., Jr., M.S. in Aero., 
Dynamics Engr., Guided Missiles Div., 
Consolidated Vultee Aircraft Corp. (Po- 
mona). 

Huber, Claude S., B.S.Aero., Struct. 
Engr., Fairchild Aircraft Div., Fairchild 
Engine & Airplane Corp. (Hagerstown). 

Kaler, George M., B.S. in Ae.E., Sr. 
Aerodynamics Engr., Consolidated Vultee 
Aircraft Corp. (Ft. Worth) 

Kirk, Donald R., B.S. in M.E., Sr. De- 
sign Group Engr., Consolidated Vultee 
Aircraft Corp. (Ft. Worth 

Kolb, Otto J., Mech. Engrg. Section 
Head, General Precision Labs 

Lazur, John W., B.E.E., 
Engr., Ford Instrument Co 

Lieske, George, B.E.E., Engr. Proj. 
Supvr., Ford Instrument Co 

McCafferty, Richard J., B.S., Research 
Scientist, NACA (Cleveland 

McKay, Gordon B., Ph.D., Asst. Prof., 
Mech. Engrg. Dept., Columbia Univ. 

McKenney, Henry F., E.E., Ch. Engr., 
Ford Instrument Co. 


Liaison 


Mordellet, Roger L. (Eng. Dipl.), Stress 
Engr., Canadair, Ltd. 

Morgan, Douglas R., Dir., Flight Equip 
ment & Engrg., Ltd. (London). 

Myers, Joseph C., B.E., Exec., Panel on 
Aircraft Armament, Office of the Secretary 
of Defense, R&D Bd., Committee on 
Aeronautics. 

Pollak, Richard J., M.S.Ae.E., Research 
Lab. Analyst ‘‘A,’’ Northrop Aircraft 
Inc. 

Rogers, Robert M., Electronic Engr 
Directorate of Flight & All-Weather Test 
ing, WADC, Wright-Patterson AFB. 

Romberg, Lars G., Civ. Ing., Tech. 
Asst. to President, Scandinavian Airlines 
System. 

Schroeder, George F., M.S. in E.E., 
Asst. Ch. Engr., Ford Instrument Co. 

Scutt, John M., E.E., Liaison Engr., 
Ford Instrument Co. 

Seliger, Victor H., M.E.E., Proj. Supvr., 
Ford Instrument Co. 

Teubner, Harold C., M.S. in Ae.E., Lt 
Col., USAF; Asst. Prof., Air Force In- 
stitute of Technology (Wright-Patterson 
AFB). 

Useller, James W., B.Sc.M.E., Aero 
Research Scientist, Lewis Flight Propul- 
sion Lab., NACA. 

Weber, William F., B.E.E., Proj 
Supvr., Ford Instrument Co. 

Wilson, Dan C., B.Sc. in C.E., Sr 
Struct. Engr., Consolidated Vultee Air 
craft Corp. (Ft. Worth). 


Transferred to MEMBER Grade 


Colby, Starr J.,. M.S.E. in Ae.E., Aero- 
dynamicist, Douglas Aircraft Co., Inc. 
(Santa Monica) 

Compton, Philip R., M.Sc. in A.E., 
Engrg. Designer ‘‘A,’”’ Douglas Aircraft 
Co., Inc. (Long Beach). 

de Hart, W. G., S.B.Ae.E. 

Fitch, Walter M., Research Analyst 
Engr., Boeing Airplane Co. (Wichita). 

Froehlich, Jack E., Ph.D., in Aero., 
Ch., Guided Missile Engrg. Div., Jet Pro 
pulsion Lab., California Institute of 
Technology. 

Hill, John H., B.A.Sc., Combustion 
Systems Engr., Gas Turbine Engrg. Div., 
A. V. Roe Canada, Ltd. 

Hodgson, R. W., Bachelor’s Degree in 
Mathematics, Dir., Research & Devel., 
Opto-Engineering Co. 

Laskowitz, Isidor B., M.E., Cons. Engr., 
I. B. Laskowitz. 

Louis, Harry, B.Sc. (Math. & Physics), 
Engrg. Supt., Fleet Mfg., Ltd. 

Marsh, Billy Wayne, M.Sc. in Ae.E., 
Proj. Aerophysicist, Marquardt Aircraft 
Co. 


Penry, Charles W., B. of Aero., Flight 
Test Liaison Field Engr., Chance Vought 
Aircraft Div., United Aircraft Corp. 
(Dallas). 


= 
| 
b 
| 
| 
| 


AERONAUTICAL ENGINEERING REVIEW—OCTOBER, 1953 93 


NAVY’S R3Y-l FEATURES 
MAGNESIUM CARGO DECK 


“Fastest flying boat” demonstrates extruded magnesium’s 


<> 


combination of light weight and toughness for better flooring 


MAGNESIUM EXTRUDED CARGO DECK SECTION of the new Convair-built Navy R3Y-1 ‘‘Tradewind” now in production at 
San Diego. Magnesium provides the R3Y-1 with a tough, yet lightweight, easily installed cargo deck for heavy-duty service. 


In all its 40-year history, water-based aircraft has never 
been appraised in terms of speed or maneuverability. The 
big lumbering transports of past years were reputedly 
slow and cumbersome in flight. This was true primarily 
because of their great weight. 


Today, however, Convair and the U. S. Navy present the 
““Tradewind” as the fastest flying boat in aviation history. 
Its turbo-prop engines provide a top speed of more than 
350 mph ... enable it to take off in 30 seconds with full 
load. 


One factor that contributes greatly to the increased speed 
and easy handling of this giant seaplane is the extensive 


you can depend on DOW MAGNESIUM 


use of magnesium in its design. Take as an example, the 
cargo deck. It’s made of magnesium ZK60A extrusion 
alloy. It’s light in weight. (Magnesium is the world’s 
lightest structural metal!) And it’s strong and rugged 
enough for heaviest duty. This combination of qualities 
makes magnesium perfectly suited for this application. 
There are other instances, too, in this and in other air- 
craft, where magnesium has helped designers solve some 
of their weight and speed problems. Have you considered 
magnesium for your uses? For more detailed information, 
contact your nearest Dow sales office, or write directly to 
THE DOW CHEMICAL COMPANY, Magnesium Department, 
Midland, Michigan. 
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Royston, Denis L., B.A.Sc. in Ae.E., 
Asst. to the Hydraulics Engr., Hydraulic 
Specialist, Engrg. Sect., A. V. Roe Canada, 
Lid 

Sheak, Richard R., B.S. in A.E., Ch., 
Operational Engrg. Sect., Carswell AFB 
(Ft. Worth) 

Starr, Thomas, B.S.Ac.E., Struct. Engr., 
Douglas Aircraft Co., Inc. (Long Beach) 

Steuer, Richard G., M. of Sc., Proj 
Engr., Sperry Gyroscope Co. Div., The 
Sperry Corp 


Elected to Associate Member Grade 


McGregor, John C., S.J.D., Partner, 
McGregor, Johnson & Malone; President, 
Nassau Research & Devel. Associates; 
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V.-P. & Secretary, Kama _ Instrument 


Corp 


Morley, Edwin W., Optical Tooling 


Specialist, Canadair, Ltd 
Rhind, Hugh, Group Leader 
ing, Canadair, Ltd 


Van Gelder, C. A., Liaison Engr., Ford 


Instrument Co 


Elected to Technical Member Grade 


Benson, Carl, Engr 


Beurer, Fred C., Sales Engr., W 
Hicks & J. A. Keeneth 
Box, L., Engr : Canadair, Ltd 


Briley, Calvin H., Draftsman, Douglas 


Aircraft Co., Inc. (Santa Monica) 


consider these 6 advantages of 


designing your product with a... 


mractionat norserowern MOTOR 


Intermittent high torque motor 
with low weight factor; for 
aircraft and many other 
opplications. 


Universal motor with shoft 
carried on double row ball 
bearings; developed for use as 
oa high-speed grinder. 


A Lamb Electric Motor — specially 
engineered for your product — 
makes available the following six 
important advantages: 
IN THE MOTOR... 

1. Reduced cost, weight. space. 

2. Exact mechanical and electrical 

requirements. 

3. Thorough dependability. 
IN THE PRODUCT... 

4. Better performance. 

5. Improved appearance. 

6. Compactness, less wejght. 


Our engineering department will 
be glad to team up with yours to 
help obtain these results. 
The Lamb Electric Company 
Kent, Ohio 


In Canada: Lamb Electric—Division of 
Sangamo Company lLtd.-Leaside, Ontario 


THEY'RE POWERING AMERICA’S PRODUCTS 


mb Electric 


SPECIAL APPLICATION 


FRACT 


IONAL HORSEPOWER MOTORS 
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Cumming, David P., B. of Ae.E., Test 
Engr. ‘‘B,’’ Ordnance Aerophysics Lab., 
Consolidated Vultee Aircraft Corp. (Dain 
gerfield ). 

Dressel, Thomas L., BS.C.E., 
Engr., Douglas Aircraft Co., Inc. (Long 
Beach) 

Hammond, William M., B.E.E., 
Functional Test Liaison Engr., Lockheed 
Aircraft Corp. (Marietta). 

Hedgepeth, Harry M., jr., Liaison 
Engr., Fairchild Aircraft Div., Fairchild 
Engine & Airplane Corp. 

Licher, Rose Marie, S.M. in Ae.E., As 
soc. Engr., Douglas Aircraft Co., Inc 

Stachtchenko, L., B.E. (Electrical), 
Dynamics Engr., Canadair, Ltd 


Transferred to Technical 
Grade 


Albrecht, Stanley F., B. of Ae.E., Ap 
plied Loads Engr., Struct. Dept., Grum 
man Aircraft Engrg. Corp. 

Anderson, F. Morris, S.B., Officer's 
Candidate, USN (Rhode Island) 

Aubin, William M., B. of Ae.E., R« 
search Engr.—Aerodynamics, Grumman 
Aircraft Engrg. Corp. 

Barker, Horace H., Jr., Sc.B. (Engrg 
Special Projects Group, Aerodynamics 
Section, Aerophysics Dept., Goodyear 
Aircraft Corp 

Bazett, Edward, B.S. in Ae.E., Detail 
Draftsman, Lycoming-Spencer Div., AV 
CO Mfg. Co 

Blomback, Fritz, Research Asst 
Supersonic Aerodynamics, Polytechnic In 
stitute of Brooklyn. 

Byrdsong, Thomas A., B.S.E. (Math. & 
Ae.E.), Engrg. Draftsman “A,” Republic 
Aviation Corp 

Carta, Franklin O., S.M., Research 
Engr.—-Aeroelasticity, United 
Corp. 

Conrad, Charles, Jr., B.S.E. in Ae.E., 
Ens., USN; Officer Student Pilot Training, 
Naval Air Station (Pensacola ) 

Conrad, George R., B. of Ae.E., Stress 
Analyst, Bendix Products Div., 
Aviation Corp 


Member 


Aircraft 


Bendix 


Crane, Vernon P., B.S., Flight Test 
Engr., Wright Aero. Div., Curtiss-Wright 
Corp 

Curran, Donald C., A.E., Lt. & Naval 
Aviator, USN 

David, J. William, B.S. in Ae.E., Jr 
Engr. ““B,”’ Boeing Airplane Co. (Seattle 

Drake, Douglas E., M.S., Assoc., Engr 
“A.” Stability & Control Group, Aero 
dynamics Section, Douglas Aircraft Co., 
Inc. (El Segundo) 

Enders, John H., Jr., B.S.M.E., Aero 
Research Scientist, Rocket Lab., Lewis 
Flight Propulsion Lab., NACA (Cleve 
land) 

Endo, Herbert Y., Engrg. Draftsman 
“B,”’ North American Aviation, Inc. (Los 
Angeles ) 

Farley, Charles T., Draftsman ‘‘A,”’ 
Chase Aircraft Co., Inc. 


Flanders, James H., B.S., Jr. Engr., 
Instrumentation Lab., Massachusetts In 
stitute of Technology. 
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MONEY CAN 
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LOW MAINTENANCE BECAUSE 
iT PERMITS SIMPLICITY 


When operating conditions demand an electrical 
connector that will stand up under the most rugged 
requirements, always choose Bendix Scinflex Elec- 
trical Connectors. The insert material, an exclusive 
Bendix development, is one of our contributions to 
the electrical connector industry. The dielectric 
strength remains well above requirements within 
the temperature range of —67°F to +275°F. It makes 
possible a design increasing resistance to flashover 
and creepage. It withstands maximum conditions 
of current and voltage without breakdown. But 
that is only part of the story. It’s also the reason 
why they are vibration-proof and moisture-proof. 
So, naturally, it pays to specify Bendix Scinflex 
Connectors and get this extra protection. Our sales 
department will be glad to furnish complete infor- 
mation on request. 


e Moisture-Proof ¢ Radio Quiet ¢ Single Piece Inserts ¢ Vibration-Proof « 
Light Weight ¢ High Insulation Resistance ¢ High Resistance to Fuels 
and Oils e¢ Fungus Resistant e Easy Assembly and Disassembly « 
Fewer Parts than any other Connector ¢ No additional solder required. 


BENDIX SCINFLEX 


ELECTRICAL CONNECTORS 


SCINTILLA MAGNETO DIVISION of Bendix 
SIDNEY, NEW YORK 


Export Sales: Bendix International Division, 205 East 42nd St., New York 17, N. Y. 
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Fortini, Anthony, M.S. in Ae.E., Aero. 
Research Scientist, NACA (Cleveland). 

Hannigan, James E., B.S., Weights & 
Balance Engr. ‘‘B,”’ Boeing Airplane Co. 

Hartlieb, Robert J., Jr., M.Aero.E. 

Holtz, Tobenette. 

Hutchinson, Herbert A., B. of Ae.E., 
2nd Lt., USA; Platoon Leader, Co. C 
981st Engrg. Const. Br. (Ft. Bragg). 

Ira, Toru, Pbh.D., 
California Inst. of Tech. 

Jacobs, Paul D., B.S. in Ae.E., Test 
Engr., Douglas Aircraft Co., Inc. (Long 
Beach). 

Jensen, H. LaMont, B.S. (Aero), Jr. 
Aerodynamics Engr., The Glenn L. Martin 
Co. Missile Project (Pt. Mugu). 

Johnson, Dean L., B. of Ae.E., Analyti- 
cal Research Engr., Cessna Aircraft Co. 

Kruse, Charles H., Jr., B.S., Ens., 
USN. 

Kunz, Kenneth E., B. S. in Ae.E., Re- 
search Analyst “‘A,’’ Power Plant Devel., 
North American Aviation, Inc. (Los 
Angeles). 

Livingston, Floyd R., B. of Ae.E., Jr. 
Engr., Aerodynamics Sect., Douglas Air- 
craft Co., Inc. (Long Beach). 

Looney, James A., M.S. in Ae.E., 2nd 
Lt., USAF; Proj. Engr., Flight Test 
Engrg., Edwards AFB. 

Low, Richard J., B.S., 2nd Lt., USA. 

Malmuth, Norman D., B.S. in Ae.E., 
Research Engr., Grumman Aircraft Engrg. 
Corp. 

Mazzola, Luciano L., B.S. in Ae.E., 
Flight Research Engr., Sikorsky Aircraft 
Div., United Aircraft Corp. 


Research Engr., 
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Mclsaac, John M., Jr., Sc.B. in Engrg. 

Meadows, Alan S., B. of Ae.E., 2nd Lt., 
USAFR;; Student Pilot, Stallings AFB. 

Middleton, Wilbur, B.S. in Ae.E., Jr. 
Engr., Flight Test Instrumentation, Boe- 
ing Airplane Co. (Wichita 

Morse, Andrew, B.S. in Ae.E., Engrg. 
Aid, Aerodynamics Dept., Marquardt Air- 
craft Co. 

Myslak, Thaddeus B., B.S. in Ae.E., 
Jr. Engr., Flight Research, Sikorsky Air- 
craft Div., United Aircraft Corp. 

Pelka, Joseph G., B.S., Exp. Flight Test 
Analyst ‘“‘A,’”’ Northrop Aircraft, Inc. 

Pepin, William B., B.S. in Ae.E., Field 
Service Engr., Boeing Airplane Co. 

Peress, Kenneth E., B. of Ae.E., Asst. 
Proj. Engr., Sperry Gyroscope Co. Div., 
The Sperry Corp. 

Petty, Paul E., B.S. in Ae.E., Power 
Plant Analysis Engr., Chance Vought Air- 
craft Div., United Aircraft Corp. 

Probst, Harry C., B.S. in Ae.E., (Power 
Plant), Asst. Proj. Engr., Kiekhaefer Aero- 
marine Motors, Inc 

Reilly, Raymond J., Jr., B. of Ae.E., 
Jr. Engr. “‘B,’’ Engrg. Service Dept., Boe- 
ing Airplane Co. (Seattle 

Rhees, Thomas R., B.S. in Ae.E., Lt. & 
Naval Aviator, USN. 

Robison, William C., A.E., Ist Lt. & 
Pilot, USAF; Aero. Engr., Bombardment 
Sect., Weapons Systems Div., WADC, 
Wright-Patterson AFB 

Salzman, Sheldon N., B.S.M.E., Gradu- 
ate Student, Massachusetts Institute of 
Technology. 
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Schmidt, Alfred, B. of Ae.E., Test 
Engr., Aero & Thermo, R&D., Wright 
Aero. Div., Curtiss-Wright Corp. 

Sherritt, Thomas J., B.S., Aero. Engr. 
GS-5, NAMTC (Pt. Mugu). 

Siegel, Alan R., B.S.E., Aerodynamics 
Engr., The Glenn L. Martin Co. 

Smith, Kirsey O., B. of Ae.E., Research 
Assoc., Dept. of Aero. Engrg., The Ohio 
State Univ. 

Smith, Rob N., B.S. (Air Transporta- 
tion), Field Service Rep., Service Dept., 
Allison Div., General Motors Corp. 

Starr, Sterling V., M.S., Jr. Engr., Con- 
solidated Vultee Aircraft Corp. (San 
Diego). 

Teegarden, Walter T., B.S. in Ae.E., 
Aerodynamicist, Chance Vought Aircraft 
Div., United Aircraft Corp. 

Transue, John R., B.S., Assoc. Research 
Engr. ‘“B,” Aerodynamics Unit, Boeing 
Airplane Co. (Wichita). 

Uram, Earl M., M.S., Research in Aero- 
dynamics & Combustion, Harvard Univ. 

Vretakis, Nicholas G., B.Aero.E., Test 
Engr., Wright Aero. Div., Curtiss-Wright 
Corp. 

Weasner, William E., B.S. (Aero. ). 

West, Donald E., M.S., Aerodynamicist 
“B,”’ Boeing Airplane Co. (Seattle). 

White, Thomas J., B.A., Engr., Aero- 
dynamics Sect., Chance Vought Aircraft 
Div., United Aircraft Corp. 

Wingert, Roger R., A.E., Flight Test 
Analyst ‘“‘A,”’ Northrop Aircraft, Inc. 

Zeltner, William C., B. of Ae.E., Struct. 
Engr., Grumman Aircraft Engrg. Corp. 


be sufficient. 


“News of Members’’ columns of the Aeronautical Engineering Review. 

awards or honors received, and appointments to new or additional positions are some of the items that your 

A brief letter or postal card giving exact details will | 

Photographs accompanying news items will be welcomed and will be used where practicable. 
Items will be considered on the basis of their timeliness and general interest. 

addressed to the News Editor, Aeronautical Engineering Review, 2 East 64th Street, New York 21, N.Y. 


editors believe are of interest to other [AS members. 


Attention Members! 


All members of the Institute are invited to submit material concerning their activities for publication in the | 


Responsibility for new developments, 


Correspondence should be 


| 

| 

| 

| 

| 

| 

| 

F | 
! | 
| 
| 
| 


AERONAUTICAL ENGINEERING REVIEW—OCTOBER, 1953 


South Wind 


CONTRACT 


half-million square 


foot plant, outfitted 


with the most modern 
manufacturing 


equipment 


from raw materials to shipping dock, 
South Wind does the job under one roof 


Thirteen years as a leading manufacturer of high 
temperature sheet metal parts and assemblies .. . 
many years of meeting rigid requirements for mili- 
tary equipment . . . strategic location that means 
low transportation costs ...a production team of 
men and machines that is unique in the industry 
. . . facilities for machining, press work, welding, 
metal finishing and assembly provide complete pro- 
duction — under one roof... every operation subject 
to one high standard of quality control. 

From raw materials to shipping dock, South Wind 
assumes full and undivided responsibility. Modern 
material handling methods insure a steady produc- 
tion flow, while quality control and inspection de- 
partments work closely with production to assure 
delivery of parts or assemblies as specified . . . on 
time. 


STEWART-WARNER CORPORATION 


Whatever your need in aircraft components, 
South Wind’s experienced staff will be glad to 
consult with you. For information, write Stewart- 
Warner Corporation, South Wind Division, 1514 
Drover Street, Indianapolis 7, Indiana. 


Some typical component parts made 
by SOUTH WIND for leading 
aircraft and engine manufacturers 


Tail Pipes ¢ Compressor Stages 
Inner Combustion Liners ¢ Oil Reservoirs 
Outer Combustion Liners * Variable Nozzles 


Combustion Chambers ¢ Afterburner Sections 


Wind wwision 


97 


} i 
4 SA 
| 


eee AND NOW, in BRITAIN! 


There can be no doubt about it . . . American industry 
likes the “Aeroquip Idea” of making hose lines from 
bulk hose and detachable, reusable fittings. Naturally, 
this cost-cutting, inventory-reducing idea appeals to 
British industry as well. Ever alert for new Opportuni- 
ties, Aeroquip was quick to provide on-the-spot manu- 
facturing sources to serve British markets. Super Oil 


SUPER OIL SEALS 
& GASKETS, itp. 
BIRMINGHAM, ENGi ay 


Seals and Gaskets, Ltd., Birmingham, England, was 
licensed to manufacture Aeroquip Hose and Fittings. 
Thus, Aeroquip, the world’s leading producer of hose 
lines for aircraft and industrial applications, has 
found new friends and important new markets. 


Aeroquip products are manufactured in Canada under license by 


Prenco Progress and Engineering Corporation Ltd., Toronto. 


AEROQUIP CORPORATION, JACKSON, MICHIGAN 


SALES OFFICES: BURBANK, CALIF, « DAYTON, OHIO « HAGERSTOWN, MD. « 
MINNEAPOLIS, MINN, ¢ PORTLAND, ORE. 


HIGH POINT, N.C. MIAMI SPRINGS, FLA, 
WICHITA, KAN, ¢ TORONTO, CANADA 


AEROQUIP PRODUCTS ARE FULLY PROTECTED BY PATENTS IN U.S.A. AND ABROAD 
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Aeronautical Reviews 


Al Guide to the Current Literature of 
Aeronautical Research and Engineering 


|. PERIODICALS AND REPORTS 


Aerodynamics Equipment 108 Navigation 118 
Boundary Layer & Thermoaero- Electric 108 Parachutes. 118 
dynamics... . or 101 Hydraulic & Pneumatic 108 Photography 118 
Mechanics & Aerodynamic Flight Operating Problems 110 
eory.. 
Internal Flow. 101 Flight Safety & Rescue 110 Power Plants 
Stability & Control 103 Fuels & Lubricants 111 Atomic.... 118 
Wings & Airfoils 103 Lubricants & Lubrication 111 Jet & Turbine. 491 
Acroelasticity 104 111 Ram-Jet & Pulse-Jet 199 
la 104 Instruments........ 112 Reciprocating 122 
——— Automatic Control . 119 Rocket. . 199 
Airplane Design. 104 Flow-Measuring Devices. . 112 Production. . 194 
Airports 104 115 Metalworking 194 
Auistion Medicine 104 easuring Vevices Production Engineering. 126 
Computers 104 Machine Elements 115 Propellers. . . 196 
Materials........ 116 
Education & Teainine 104 ‘Ail Reference Works. 196 
etals & oys. 116 R ina Wine A f 196 
Electronics 104 Metals & Alloys, Ferrous 116 otating Wing /\ircralt 
Antennas 106 Metals & tags ne. 116 Space Travel. 128 
Circuits & Components 106 Nonmetallic Materials. . 116 — 198 
Communications . 107 Sandwich Materials. . 116 431 
Electronic Controls 108 Testing. . 117 Th d 131 
Electronic Tubes 108 Mathematics. 417 131 
Measurements & Testing 108 OmoustiON 
Transmission Lines 408 Meteorology 118 Heat Transfer..... , 132 
Wave Propagation 108 Missiles. . 118 Wind Tunnels & Research Facilities. 132 


ll. BOOKS REVIEWED IN THIS ISSUE 


Book 


Books, reports, and periodicals reviewed in this issue or in pre- 
vious issues may be borrowed on 2-week loan without charge by 
individual or Corporate Members of the Institute in the U.S. and 
Canada. Members of The Paul Kollsman Lending Library who 
are not Members of the Institute may borrow books and, in spe- 
cial cases, other research material. Members of the IAS may 
borrow also from the Engineering Societies Library through The 
Paul Kollsman Lending Library. 

Photostatic copies of material in the Institute’s libraries may 
be obtained at a cost of $0.35 to members and Corporate Mem- 


bers ($0.45 to nonmembers) for each 8!/2- by 1l-in. print and 
$0.40 to members and Corporate Members ($0.50 to nonmembers) 
for each 11!/3- by 14-in. print, plus postage. A minimum charge 
of $1.00 is made to nonmembers of the IAS. 


Bibliographies on special subjects will be compiled at the rate 
of $2.50 per hour. Translations of technical literature from for- 
eign languages may be obtained at $12 to $14 per 1,000 words, 
depending on the language. IAS members receive a 20 per 
cent discount on bibliographies and translations. 


Full information about library membership and facilities will be sent upon request to The Paul Kollsman 
Lending Library, 2 East 64th St., New York 21, N.Y. 
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tough 


customer 


Tough to please... 

and tough to beat 

This man knows what it takes 
From the Coral Sea to Korea, he¢ 
used the stuff. And today, his 
nod—or a shake of his head—can 
be the final word on many 

a weapons system 

‘Today at Martin an entirely new 
principle of aircraft design and 
development is in operation, 
tailoring airpower to this 

man’s needs. 

It is known as Martin Systems 
Engineering. MSE is a method 
of weapons systems development 
which now makes possible aircraft, 
guided missiles and electronics 
weapons designed not as 
traditional flying vehicles... 

but as fully coordinated and 
controlled spaceborne systems 
which are the direct result 

of operations problems. 


This man can tell you that— 


You will hear more about Martin! 


THE GLENN L. MARTIN COMPANY 
BALTIMORE * MARYLAND 
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Aerodynamics 


Boundary Layer and Thermoaerodynamics 


Boundary-Layer Control and Super- 
circulation. JohnS. Attinello. Aero. Eng. 
Rev., Sept., 1953, p. 24. 11 refs. Rela- 
tion to wing-lifting effectiveness and po- 
tentialities of jet-powered air pumping 
systems. 

Réduction de la Résistance et Aspira- 
tion Continue de Couche-Limite. Maurice 
Roy. La Recherche Aéronautique, Jan.- 
Feb., 1952, p. 3. In French. The reduc- 
tion of frictional resistance on an airfoil and 
analysis of continual suction for boundary 
layer control. 

Structural Comparison of Perforated 
Skin Surfaces with Other Means of Effect- 
ing Boundary-Layer Control by Suction. 
Charles B. Cliett. Aero. Eng. Rev., Sept., 
1953, p. 46. 16 refs. Applied results of 
theoretical and experimental investiga- 
tions. 

Possible Particular Solutions of the 
Laminar Boundary Layer Equations Along 
a Flat Plate in Hypersonic Flow in Con- 
tinuum & in Rarefied Gases. M. Z. v. 
Krzywoblocki. J. Aero. Soc. India, May, 
1953, p. 23. 

Thermal Convection in Laminary 
Boundary Layers. I. H. J. Merk and 
J. A. Prins. Appl. Sci. Res., Sect. A, No. 
1, 19538, p. 11. Determination by partial 
differential equations of heat-loss of a 
heated body with a constant surface tem- 
perature in cases of two-dimensional and 
rotational symmetry; extension of results 
of various authors. 

Note on Self-Propagation of Turbulent 
Spots. Carl E. Pearson. Quart. Appl. 
Math., July, 1953, p. 219. The phe- 
nomenon of spontaneous generation. 


Fluid Mechanics & Aerodynamic Theory 


On the Flow Downstream of Separation 
in an Incompressible Fluid. K. Stewart- 
son. Proc. Cambridge Philos. Soc., July, 
1953, p. 561. 

On the Decrease of Velocity with Depth 
in an Irrotational Water Wave. M. S. 
Longuet-Higgins. Proc. Cambridge Philos. 
Soc., July, 1953, p. 552. 

Water Waves over a Channel of In- 
finite Depth. Thom R. Greene and Albert 
E. Heins. Quart. Appl. Math., July 1953, 
p. 201. Mathematical methods of solution 
for the case of a submerged plane barrier 
limited by a dock. 

The Forces and Moments Acting on a 
Body Moving in an Arbitrary Potential 
Stream. William E. Cummins. U.S., 
Navy Dept., David W. Taylor Model 
Basin, Rep. 780, June, 1953. 57 pp. 138 
refs. 

On a Solution of the Energy Equation 
for a Rotating Plate Started Impulsively 
from Rest. Ronald F. Probstein. Quart. 
Appl. Math., July, 1953, p. 240. Analysis 
of the temperature distributions for the 
velocity fields associated with the problem 
of steady laminar incompressible flow of a 
fluid over an infinite plate rotating at a 
constant velocity. 

Sur 1l’Approximation Homographique 
dans l’Etude des Fluides Compressibles. 
P. Germain. La Recherche Aéronautique, 
Jan.-Feb., 1952, p.9. In French. Analy- 
sis of compressible transonic flows utiliz- 
ing solutions of the equation E(k) = 
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+ = O with a homographic 
approximation of this problem. 

Transonic Flow Past Simple Bodies. 
J. D. Cole, G. E. Solomon, and W. W. 
Willmarth. J. Aero. Sci., Sept., 1953, p. 
627. 13 refs. Theoretical and experi- 
mental investigation of transonic flow past 
a cone-cylinder, a lifting wedge, and a lift- 
ing flat plate. 

Note on the Efficiency of Thermal Ma- 
chines at a Finite Rate of Expansion. 
L. J. F. Broer. Appl. Sci. Res., Sect. A, 
No. 1, 1958, p. 1. Application of principles 
of dynamic gas flows, including weak 
shocks and simple expansion waves in a 
constant flow with heat, to the calculation 
of work done during expansion. 

A Note on the Unsteady Motion of a 
Compressible Fluid. D.C. Pack. Proc. 
Cambridge Philos. Soc., July, 1958, 
p. 493. <A solution for the one-dimensional 
motion of an ideal, inviscid, and isentropic 
gas, with a certain ratio of specific heats, 
when the gas starts from rest with an 
inhomogenous temperature distribution. 

Etude de l’Onde de Choc Attachée dans 
les Ecoulements de Révolution. II—Cas 
d’un Obstacle Terminé par un Céne. 
Henri Cabannes. La Recherche Aéro- 
nautique, May-June, 1952, p. 7. In 
French. Study of the movement of a 
shock-wave attached to an object rotating 
in a perfect compressible fluid, for the case 
of the object terminated by a cone moving 
at subsonic and supersonic speeds; deriva- 
tion of the flow equations. 

A Note on the Detached Shock Wave 
in Front of a Body. Toru Kawamura. 
J. Japan Soc. Appl. Mech., Dec., 1952- 
Feb., 1953, p. 162. 

On the Energy Scattered from the Inter- 
action of Turbulence with Sound or Shock 
Waves. M. J. Lighthill. Proc. Cambridge 
Philos. Soc., July, 1953, p. 531. 

Zusammenfassender Bericht. Fort- 
schritte der Turbulenzforschung. W. 
Tollmien. ZAMM, May-June, 1953, p. 
200. 48 refs. In German. Present status 
of turbulence research, with a bibliographic 
review of the literature. 


Internal Flow 


Aerodynamic Interference Between 
Moving Blade Kows. Nelson H. Kemp 
and W. R. Sears. J. Aero. Sci., Sept., 
1953, p. 585. 14 refs. Internal flow in- 
vestigation of the basic case of a single 
stator row followed by a single moving 
motor row. 

Ecoulement d’un Fluide Parfait dans un 
Rotor Centrifuge 4 Nombre Elevé de 
Pales. J. Fabri and J. J. Bernard. La 
Recherche Aéronautique, Nov.-Dec., 1952, 
p. 35. In French. Calculation of the flow 
of a perfect fluid in a centrifuge rotor with 
a high number of blades. 

Grilles d’Aubes avec Sillage de Décol- 
lement. G. Ernst. Tech. et Sci. Aéro- 
nautiques, No. 2, 1953, p. 118. In French. 
Theoretical flow study of the behavior of 
a lattice of blades in a wake with break- 
down of flow at the edge of attack. 

Complete Characteristic Circle Dia- 
grams for Turbomachinery. W. M. Swan- 
son. Trans. ASME, July, 1953, p. 819. 
13 refs. Flow patterns; comparison of 
axial, radial, and mixed flow types; new 
schematic-diagram method to represent 
operational efficiencies. 
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The ‘Intrinsic Efficiency’’ of a Flow 
Type Air Compressor. B. Downs. The 
Engr., July 24, 1953, p. 101. 

The Periodic-Flow Regenerator—A 
Summary of Design Theory. J. E. Cop- 
page and A. L. London. Trans. ASME, 
July, 1953, p. 779; Discussion, p. 785. 13 
refs. Review of numerical graphical solu- 
tions by Hausen, Musselt, Boestad, Iliffe, 
Saunders, and Smoleniec indicating limita- 
tions; recommended design curves using a 
set of simple nondimensional parameters 
for direct-transfer-type exchangers that 
may be used for the gas-turbine regenera- 
tor design problem. 

A Practical Solution of a Three-Dimen- 
sional Flow Problem of Axial-Flow Turbo- 
machinery. L. H. Smith, Jr. S. C. 
Traugott, and G. F. Wislicenus. Trans. 
ASME, July, 1953, p. 789; Discussion, p. 
799. Theoretical principles; physical 
application. 

Propeller Parameters and the Axial 
Compressor ; an Examination of the Valid- 
ity of Applying Propeller Theory to the 
Axial-flow Compressor. V. D. Naylor. 
Aircraft Eng., July, 1953, p. 190. 

Sondes Aérodynamiques sans Antenne 
pour Ecoulements Tridimensionnels. Ed- 
mond Maillet. La Recherche Aéronau- 
tique, Nov.-Dec., 1952, p. 39. In 
French. New aerodynamic sounding de- 
vices without antennas for three-dimen- 
sional flow measurements in turboma- 
chines. 

Experiments on Mixed-Free-and- 
Forced-Convective Heat Transfer Con- 
nected with Turbulent Flow Through a 
Short Tube. E. R. G. Eckert, Anthony J. 
Diaguila, and Arthur N. Curren. U.S., 
NACA TN 2974, July, 1953. 59 pp. 13 
refs. 

Heat Transfer in Laminar Flow Through 
Cylindrical Tubes. J. Schenk and J. M. 
Dumoré. Appl. Sci. Res., Sect. A, No. 1, 
1953, p. 39. Extension of the problem to 
the case of finite transmissivity of a tube- 
wall. 

Laminar-Flow Forced Convection in 
Rectangular Tubes. S. H. Clark and 
W.M. Kays. Trans. ASME, July, 1953, 
p. 859. 13 refs. Analytical and experi- 
mental investigation of numerical relaxa- 
tion method to obtain minimum limiting 
Nusselt Number magnitudes, including 
boundary conditions of both constant heat 
input per unit of length and constant wall 
temperature; application to the design of 
gas-flow heat exchangers. 

Measurements of Heat-Transfer and 
Friction Coefficients for Air Flowing in a 
Tube of Length-Diameter Ratio of 15 at 
High Surface Temperatures. Walter F. 
Weiland and Warren H. Lowdermilk. 
U.S., NACA RM E53E04, July 9, 1953. 
17 pp. 

Non-Uniform Heat Transfer to Fluids 
Flowing in Conduits. V. J. Berry, Jr. 
Appl. Sci. Res., Sect. A, No. 1, 1953, p. 61. 
15refs. Determination of the temperature 
distribution and physical boundary con- 
ditions, with an expression for the Nusselt 
modulus as a function of a downstream 
position. 

Normal Shock Wave Phenomena in a 


Convergent-Divergent Nozzle. B. W. 
Martin. J. RAeS, July, 1953, p. 455. 
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Air Turbine Refrigeration 


AERONAUTICAL 


ENGINEERING REVIEW 


OCTOBER, 


1953 


New AiResearch transducer-computer package feeds facts to any 


or all aircraft electronic systems! 


A new electronic air intelligence 
system, completely engineered and 
manufactured by AiResearch, pro- 
vides better flight information and 
fire control for American jets! 
Extremely sensitive transducers 
measure angle of yaw, angle of 
attack, acceleration, free air tem- 
perature, total temperature, static 


pressure, total pressure and _ pres- 
sure ratio. The ingenious computer 
combines this information and trans- 
lates it into voltage commands for 
direct use or as correction factors in 
fire control and navigation systems. 
This operation is continuous and 
instantaneous. 

The AiResearch system obsoletes 


many of the sensing circuits now 
used in military aircraft. Composed 
of elements which are small, light 
and highly efficient, this system is 
reliable and easy to maintain. 

Thus AiResearch pioneers another 
advance in avionics to further accel- 
erate the progress of high-altitude, 
high-speed flight! 


AiResearch Manutacturing Company 


A DIVISION OF THE GARRETT CORPORATION 


LOS ANGELES 45, CALIFORNIA * PHOENIX, ARIZONA 


DESIGNER AND MANUFACTURER OF AIRCRAFT EQUIPMENT IN THESE MAJOR CATEGORIES 


Heat Tronsfer Equipment 


Electric Actuators 


Gos Turbines Cabin Superchargers = Pneumatic Power Units 


Electronic Controls 


Cabin Pressure Controls Temperature Controls 
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Phénoménes d’Obstruction Intervenant 
dans la Stabilisation des Flammes. J. 
Fabri, R. Siestrunck, and C. Fouré. La 
Recherche Aéronautique, Jan.-Feb., 1952, 
p. 21. In French. Linearized analysis of 
turbulent cylindric-aerothermodynamic- 
nozzle gas flows, with combustion of hy- 
drocarbon alloys stabilized by an obstacle 
of small dimensions. 


Stability & Control 


Contribution 4 1’Etude de l’Approche 
Automatique d’un Avion en Vue de son 
Atterrissage. R. Hirsch. La Recherche 
Aéronautique, Nov.-Dec., 1952, p. 19. 
In French. Experimental wind-tunnel and 
flight tests on automatic landing approach 
control problems. 

Mesure en Soufflerie des Dérivées 
Aérodynamiques d’une Maquette par une 
Méthode d’Oscillations Entretenues. 


Scherer. Recherche Aéronautique, 
Nov.-Dec., 1952, p. 15. In French 


Wind-tunnel investigation to measure 
aerodynamic drift-angle of a rectangular- 
wing model by the method of sustained 
oscillations. 

Mesure Statique des Dérivées Aéro- 
dynamiques de Roulis. Bismut. La Re- 
cherche Aéronautique, Nov.-Dec., 1952, p.9. 
In French Experimental wind-tunnel 
investigations on aerodynamic forces; 
static measurement of the drift-angle of 
roll; description of the model. 

Sur la Stabilité des Avions. Jean-Marie 
Souriau. France, ONERA Pub. 62, 1953. 
99 pp. 38 refs. In French. Linear 
methods to study stability problems; 
Lagrange-Hamilton equations to deter- 
mine elastic deformation and_ aircraft 
movements in a perfect compressible flow; 
determination of aerodynamic coefficients 
and intrinsic curves of stability at various 
speeds for an airfoil section 


Wings & Airfoils 


Fuselage Lift Distribution for a Swept- 
Back Wing Aircraft. W. Taylor. J 
RAeS, July, 1953, p. 464. 

Das Geschwindigkeitspotential der tra- 
genden Flache bei inkompressibler Stré- 
mung. E. Truckenbrodt. ZA May 
June, 1958, p. 165. In German. Velocity 
potential of a lifting surface in incompres- 
sible flow, under the assumption that the 
supporting plane consists of single vortices 
of horse-shoe shape, to obtain in a straight 
forward way a simple expression for the 
velocity potential similar to the formulas 
of J. M. Burgers, von Karman, and 
Prandtl 

Portance des Ailes en Fléche aux 
Vitesses Supersoniques. E. A. Eichel- 
brenner. La Recherche Aéronautique, Jan.- 
Feb., 1952, p. 19. In French. Determina- 
tion of supersonic lift coefficients of swept- 
back wings, with diagrammatic curve 
representations of the various parameters 

Ecoulement au Voisinage de la Pointe 
Avant d’une Aile 4 Forte Fléche aux In- 
cidences Moyennes. Robert Legendre 
La Recherche Aéronautique, Nov.-Dec., 
1952, p. 3. In French. Qualitative solu- 
tion of turbulent flow in front of an ex- 
tremely swept-back wing with medium 
incidence; application of the Jones trans- 
verse-edge method to study an infinitely 
thin, triangular wing with great sweep and 
Mach Number near 1. 


AERONAUTICAL REVIEWS 


REPUBLIC (p77) AVIATIONV 


JOINS FAMILY 


CORNELIUS COMPRESSOR 
STANDARD EQUIPMENT ON 
F-84F THUNDERSTREAK 


Republic's F-84F THUNDERSTREAK is the latest 
and fastest flying member of a rugged family 
which has long served the U.S. Air Forces’ 
needs in the fighter and fighter-bomber field. 


@ In equipping the F-84F THUNDERSTREAK with the 


CORNELIUS AIR COMPRESSOR Republic Aviation joins the 
CORNELIUS family of famous names in aviation ... Boeing, 
Canadair, Chance Vought, Douglas, Lockheed, Martin, 
McDonnell, North American, Northrop. 

CORNELIUS is proud of this recognition . . . developed 
from long experience building dependable pneumatic 


CORNELIUS COMPRESSOR 
4CFM ... 3000 PSI 
Powered by integral hydraulic 
motor. Other models available 
with various pumping capaci- 
ties. All compressors can be 
furnished with either hy- 
draulic motors, DC electric 
motors or AC 400 cycle motors, 


equipment for the Air Force, 
Navy and leading aircraft 
manufacturers. Profit from 
our experience . .. write to us 
about your pneumatic equip- 
ment requirements. 


COMPANY 
MINNEAPOLIS 21, MINNESOTA 


Pioneers in the Development of 


AIRCRAFT PNEUMATIC SYSTEMS 
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Zur Theorie der Profile geringer Dicke 
und Wdolbung. K. Jaeckelh 
May-June, 1953, p. 213. In German 
Contribution to the theory of thin airfoils 
of small camber. 


Aeroelasticity 


_ Calcul des Racines Complexes des 
Equations Algébriques de Degré Elevé a 
Coefficients Réels ou Complexes; Méca- 
nisation de la Méthode sur Machines a 
Cartes Perforées. E. Bonneau and R. 
Janin. La Recherche Aéronautique, Jan.- 
Feb., 1952, p. 39. In French. Applied 
analysis, utilizing a modified Graeffe 
polynomial method, of a system of dif- 
ferential equations of varying coefficients, 
to solve aircraft flutter problems. 

Contribution a 1’Etude Expérimentale 
des Mouvements Variés en Soufflerie. 
Michel Scherer. France, ONERA Pub. 
61, 1953. 152 pp. 36 refs. In French. 
Experimental investigations of aerody- 
namic forces on a wing in nonuniform 
motion for flutter and torsion; analytic 
measurements of stability derivatives for 
research on aircraft movements in wind 
tunnels. 

Détermination du PB/V d’un Appareil 
Compte Tenu de la Torsion de Voilure. 
F. Delisée. Tech. et Sci. Aéronautiques, 
No. 1, 1953, p. 56. In French. Method 
to calculate PB/V of an aircraft, taking 
into account structural torsion; applica- 
tions in the subsonic and subcritical com- 
pressible region to the law of Glauert, in 
the case of a right-hand outer-panel of an 
airfoil and of a wing of less than 25 per 
cent sweep, and to structural elasticity 
problems. 

Stall-Flutter in Cascades. F. Sisto. 
J. Aero. Sci., Sept., 1953, p. 598. Adap- 
tation of principles of nonlinear mechanics 
to a method of studying fatigue and other 
failures of blading in axial-flow compres- 
sors as part of stall-flutter oscillation prob- 
lems. 


A\ir Transportation 


Les Avions Commerciaux Propulsés par 
Turbines. Louis Breguet. Tech. et Sci. 
Aéronautiques, No. 1, 1953, p. 4. In 
French. Survey of turbojet and turboprop 
problems in the use of commercial air 
craft; economic aspects. 

Civil Aviation in 1952. Edward Warner. 
ICAO Bul., June-July, 1953, p. 5. Survey 
of developments and growth of air trans- 
port; navigational, operational, economic, 
and other factors 

Jet Transport Outlook. R.W. Rummel. 
Skyways, Sept., 1953, p. 11. 

Making Commercial Aircraft Pay; the 
Sixth Louis Bleriot Lecture. Guy Du 
Merle. J. RAeS, July, 1953, p. 429. 
Design, weight, speeds, and general per- 
formance factors; utilization, maintenance, 
and other operational problems; safety and 
economic aspects. 

New Version of the S.B.A.C. Method 
for Estimating Direct Operation Costs. 
Brit. Aircraft Ind. Bul., July, 1953, p. 23 
Permits a comparative economic evalua- 
tion of jet, turboprop, and piston-engined 
operations. 


AERONAUTICAL 


ENGINEERING REVIEW 


Airplane Design 


Atomic Aircraft. I--When and Why? 
II—How Much? Norman S. Currey and 
Richard J. Moffett. Can. Av., Aug., 1953, 
p. 22. Structural and engine design cri- 
teria and requirements; economic factors 
and future possibilities 

Etude Critique des Poids des Trains 
d’Atterrissage en France et a 1’Etranger. 
Goulias, Bedet, and Le Gall. Tech. et Sci. 
Aéronautiques, No. 5, 1952, p. 278. In 
French. Critical weight-breakdown study 
of landing gears of various French, Ameri- 
can, and British aircraft; special aspects of 
equipment and parts, fundamental ma- 
terials and resources, new metalworking 
processes, and production needs; other 
factors of undercarriage weight control. 

Jet Planes Cost Too Much. Walter G. 
Bain. SAE J., Aug., 1953, p. 46. 
Abridged. 

The North American Sabre; A Tech- 
nicalComment. James Hay Stevens. The 
Aeroplane, July 3, 1953, p. 20. Structural 
features; wing, fuselage, ‘‘flying’’ tail, land- 
ing gear, and other special aspects of de- 
sign. 

Supersonic-Aircraft 
Hunn. (Paper, AFIT A Congress, Paris, 
1953.) Flight, July 31, 1953, p. 146. 
Abridged. The development of a design 

The Tensioned Skin; A New System of 
Fuselage Construction: Double Curva- 
ture with no Presswork. Flight, July 31, 
1953, p. 137. Principles of the Heal 
design, with diagrams. 

Utilisation du Siége Ejectable de la 
S.N.C.A.S.0. Tech. et Sci. Aéronautiques, 
No. 2, 1953, p. 124. In French. SNCASO 
investigation into the design and structure 
and potential use of an ejection seat; 
qualitative conclusions 

Vickers Viscount 700 Series. Brit 
Aircraft Ind. Bul., July, 1953, p. 1, cut- 
away drawing. Design characteristics; 
controls; oil, fuel, hydraulic, electrical, and 
communications systems 
commodations; 
other aspects. 


Design. B. A. 


passenger ac- 
performance data and 


Airports 


The Load Transmission Test for Flexi- 
ble Paving and Base Courses. III —-Load 
Distribution Through Gravel Bases to a 
Weak Subgrade. William M. Aldous, 
M. H Price, and Walker L. Shearer, Jr 
U.S., CAA TDR 203, June, 1953, 29 pp 


Aviation Medicine 


The Common Man Up in the Air; 
the Psychology of Passenger Reactions 


in Flight. Howard G. Kurtz, Jr. Flight 
Safety Foundation, Paper, 1953. 20 pp. 
Force Ballistocardiography. Wolf W. 


von Wittern. USAF WADC TR 52-340, 
Nov., 1952. 32 pp. Method of com- 
pensating for the influence of mechanical 
properties of the body on the ballisto 
cardiograim; application to research on the 
effects of vibration on Air Force personnel 

Space Physiology. C. R. Armstrong 
J. Brit. Interplanetary Soc., July, 1953, p 
172. Sub-normal gravitation and oxygen 
supply problems. 


OCTOBER 


1953 


Computers 


Analog Computer for the Roots of 
Algebraic Equations. Lars Lofgren. Prax 
TRE, July, 1953, p. 907. 

Electrical Analogues. G. Liebmann. 
Brit. J. Appl. Phys., July, 1953, p. 193 
34 refs. Discussion of analogue repre 
sentation of physical problems; principles 
and operating techniques of conducting 
papers, electrolytic tanks, resistance net 
works, and of networks using resistive and 
reactive components; comparative data 
on relative advantages and disadvantages 

The Electronic Complex Plane Scanner. 
John R. Ragazzini and Gibson Reynolds 
Rev. Sci. Instr., July, 1953, p. 523. Appli 
cation to the study of characteristics of 
networks and to other problems requiring 
a potential plane analog. 

Analysis of Control Systems Involving 
Digital Computers. William K. Linvill 
and John M. Salzer. Proc. IRE, July, 
1953, p. 901. Linear operations on 
sampled data by transfer functions. 

Magnetic Drum _ Storage Devices. 
Robert L. Perkins. Prod. Eng., Aug., 
1953, p. 192. 

Magnetic Shaft-Position Digitizer. 
Arthur J. Winter. Electronics, Aug., 
1953, p. 214. New design using serrated 
drum and phototubes, and permitting 
analog-to-digital conversions, to measure 
shaft rotations. 

The Solution of Differential Equations 
on an Electronic Digital Computer. C. F 
Gradwell. The Engr., July 10, 1953, p. 36 
General description of the Manchester 
Universal Electronic Computer (the Fer 
ranti Mark I); method used to solve simul- 
taneous differential equations of any 
order; machine operation and checking 


Education & Training 


Some Notes on the Provision of Training 
for Young Recruits to Aircraft Mainte- 
nance Engineering; Being the Correlated 
Personal Views of Seven Senior Officers 
of the Society. /. SLAE, June, 1953, p. 3 


Electronics 


Automatic Assembly of Electronic 
Equipment. L. kK. Lee and Cledo Bru 
netti. Elec. Mfg., July, 1953, p. 97. 
USAF-sponsored developmental program 
for fabrication of radar and other com 
ponents 

Printed and Potted Electronic Circuits. 
G. W. A. Dummer and D. L. Johnston 
(IEE Radio Sect. Paper 1407.) Pro 
IEE, Part III, July, 1958, p. 177; Discus 
sion, p. 187. 38 refs. Miniaturized and 
subminiaturized techniques for radio tele- 
metering, electronic control of airborne 
weapons, radar, and other applications 


Automatic Navigation Computers. 
James L. Dennis. Skyways, Sept., 1953, 
p. 14. USAF types A-1 GPI and AN 


APA-58 (XA-1) for high-speed jet aircraft 
navigation 
Recent Developments in the Use of 


Loran. C. W. Davis. Navigation, June, 


1953, p. 289 
Standards on Electron Devices: Meth- 
A. G. Jensen, 


ods of Measuring Noise. 
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WHICH PILOT LIGHT 
DO YOU NEED? 


DIALCO 


THE BIG ONE 


This Pilot Light Assembly was first 
made to accommodate the S-11 Jamp 

and was intended for use in the 

cabs of great diesel locomotives. 


ACTUAL SIZE 


Cat. #613529-211 


This BIG one 
Dialco HAS THE COMPLETE LINE OF 
INDICATOR and PANEL LIGHTS ‘ or 


\ this LITTLE one 


ACTUAL SIZE 


Cat. #8-1930-621 


THE LITTLE ONE 


The miniaturization program on defense products required the 
development of this sub-miniature light. It is used 

on communication equipment and aircraft. 
Midget flanged base bulbs to fit are rated 1.3, 6, 12, and 28 volts. 


fp to suit your own special conditions and 
requirements will be sent promptly 
RE and without cost. Just outline your needs. 
Let our engineering department assist 


in selecting the right lamp and the best 
pilot light for YOU. 


Write for the Dialeco HANDBOOK of PILOT LIGHTS 


Foremost Manufacturer of Pilot Lights 


DIALIGHT CORPORATION 


60 STEWART AVE., BROOKLYN 37, N HYACINTH 7-7600 © 1952 
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M. W. Baldwin, Jr., G. D. O'Neill, T. J. 
Henry, R. M. Ryder, and others. Proc. 
TRE, July, 1953, p. 890. 


Effect of Radar Sensitivity on Meteor 
Echo Durations. D. W. R. Mckinley 
Can. J. Phys., July, 1953, p. 758. 


On the Statistical Theory of Detection 
of a Randomly Modulated Carrier. W.M. 
Stone. J. Appl. Phys., July, 1953, p. 935. 
Extension of the Marcum-Kaplan-McFall 
theory covering receiver noise in radar 
range performance. 


Le Radio-Alignement O.N.E.R.A. et Ses 
Applications dans 1’Aéronautique. J. 
Zakheim. La Recherche Aéronautique, 
Nov.-Dec., 1952, p. 63. French. 
ONERA radio-track system to determine 
the direction of a moving body; principles 
and applications. 


AERONAUTICAL 


ENGINEERING REVIEW 


Thyratron Power Supplies. James H. 
Burnett. Elec. Mfg., Aug., 1953, p. 104. 
Servo-positioning, speed control, inversion, 
and other applications of principles and 
circuits. 


Antennas 


Designing Discone Antennas. J. J. 
Nail. Electronics, Aug., 1953, p. 167. For 
frequencies up to approximately 3,700 
megacycles, with a standing wave ratio 
on a 50-ohm line; application of experi- 
mental data giving optimum values of 
disk-to-cone spacing, disk diameter versus 
flare angle, and other parameters 

Discussion on the Absorption Gain and 
Back-Scattering Cross Section of the 
Cylindrical Antenna. S. H. Dike and 
D. D. King. Proc. IRE, July, 1953, p. 
926. 25refs. 
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a BETTER ladder assembly by "UNIVERSAL 


It’s pure logic to expect complete 
satisfaction from a complete shop! 


With well maintained, modern 


equipment we take charge, then do 
the entire job. Designing, layout, tooling 
... forming, stamping...welding (heliarc, 
continuous seam, spot) ... complete 
assembling — It’s all at Universal. 


Write, phone, wire...let us help develop and 
quote your complete assembly... either 
on production or experimental runs! N 

Join hundreds of satisfied UMPCO £) 


customers. Act today! 


\ 


} 


= UNIVERSAL METAL PRODUCTS, INC. 


SS Tools * Dies + Metal Stampings * Aircraft Parts 


Serving America’s Aircraft Industry 
g 


2311 West Orange Street 
CUmberland 3-3115 


Alhambra, California 


ICTOBER, 1953 


The Properties of Artificial Dielectrics 
Comprising Arrays of Conducting Ele- 
ments. I-—The Effective Permittivity of 
Arrays of Metallic Elements. II--The 
Dielectric Properties of a Cubical Array of 
Imperfectly Conducting Spheres. M. M 
Z. Kharadly and Willis Jackson. (JEE 
Radio Sect. Paper 1472.) Proc. IEE, Part 
III, July, 1953, pp. 199, 210. 13 refs 
Experimental investigations at frequencies 
of 1000 and 400-10,000 cycles per sec 


Circuits & Components 


The Equivalence of Optimum Trans- 
ducers and Sufficient and Most Efficient 
Statistics. Gleen W. Preston. J. Appl 
Phys., July, 1953, p. 841. 

Methods for the Design of Electrical 
Devices with Non-Linear Dielectrics. 
A. E. Kaplyanskyi. (Elektrichestvo, No. 1, 
1953, p. 44.) Engr. Dig., July, 1953, p 


Minimum Inductor or Capacitor Filters. 
W. Saraga. Wireless Engr., July, 1953, p 
163. 27 refs. Methods to transform a 
given filter into an equivalent network. 

Some Aspects of Mixer Crystal Per- 
formance. Peter D. Strum. Proc. JRE, 
July, 1953, p. 875. 25 refs. Method to 
calculate the conversion loss and conduct 
ances; design criteria for minimum re 
ceiver noise 

Toroid Design Charts. R. E. Prouty 
Electronics, Aug., 1953, p. 193. To deter 
mine Q, frequency range, size and type of 
permalloy core, wire size, and number of 
turns of toroidal transformers, for use in 
the 1-100 ke. range. 

High-Stability Isolation Amplifier. 
Roberts C. Moses. Radio @ TV News, 
Radio-Electronic Eng. Sect., Aug., 1953, 
p. 9. Experimental study and design of a 
stable resolver for analog computers 

The Resistive-Wall Amplifier. Charles 
kK. Birdsall, George R. Brewer, and 
Andrew V. Haeff. Proc. IRE, July, 1953, 
p. 865. Theory and experimental results 
of a new type of electron-stream amplifier 
in which the stream flows near a resistive 
wall 

The Amplistat or Magnetic Amplifier. 
W. Miller. (Jron & Steel Eng., May, 1953, 
p. 65.) Engr. Dig., July, 1953, p. 260 

Biased Rectifiers Applied to Magnetic 
Amplifiers. Michel Mamon. Elec. \/f¢., 
Aug., 1953, p. 136. 

Methods of Magnetic Amplifier Analy- 
sis. L. A. Finzi and G. F. Pittman, Jr 
Elec. Eng., Aug., 1953, p. 690. 15 refs 
Review of the literature; design require 
ments 

Transistor-Controlled Magnetic Ampli- 
fier. Richard H. Spencer. Electronics, 
Aug., 1953, p. 136. Use of Ramey reset 
control circuit; application potentialities 

Potential Analog Network Synthesis for 
Arbitrary Loss Functions. Ernest Shiu 
jen Kuh. J. Appl. Phys., July, 1953, p 
897. ONR-sponsored research 

Sketch for an Algebra of Switchable 
Networks. Jacob Shekel. Proc. IRE, 
July, 1953, p. 913. Analysis and applica 
tions 

A Theorem of the Impedance-Trans- 
forming Properties of Reactive Networks. 
Leo Storch. J. Appl. Phys., July, 1958, 
p. 833. Geometric study of the behavior 
of specific networks; use of the Circle- 
Locus Theorem to study the problem of 
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any 


arbitrary, linear, reactive, two- 
terminal-pair network with lumped or dis- 
tributed parameters. 

A Direct-Reading Oscilloscope for 100- 
KV Pulses. R. C. Hergenrother and H. G 
Rudenberg. Proc. ]RE, July, 1953, p. 896. 
Design, construction, and performance of 
an electrostatic oscilloscope suitable for 
direct operation on peak deflection volt- 
ages of 100 kv. and pulse widths of a frac- 
tion of a microsecond. 


General Purpose Short-Pulse Genera- 
tor. Abe Hershler and Arthur H. Seid- 
man. Electronics, Aug., 1958, p. 182. To 
convert very low-voltage sine waves to 
high-voltage pulses with variable widths 
down to a fraction of a microsecond for 
gating, counting, frequency division, and 
other applications. 

Starting Curreats in the Backward- 
Wave Oscillator. L.R. Walker. J. Appl. 
Phys., July, 1953, p. 854. 

Germanium Diodes in Carrier Systems; 
Why They are Used—How They Work. 
Lenkurt Demodulator, July, 1953, p. 1. 

Junction Transistor Circuit Applica- 
tions. Peter G. Sulzer. Electronics, Aug., 
1953, p. 170. Description of basic circuits 
for voltage amplifiers, impedance-changing 
devices, phase inverters, multi-vibrators, 
and various types of oscillators. 

A Method of Designing Transistor 
Trigger Circuits. F. C. Williams and 
G. B. B. Chaplin. (JEE Radio Sect. Paper 
1428.) Proc. IEE, Part II, July, 1958, p 
228; Discussion, p. 245. 11 refs. 

Microminiature Variable Inductors for 
Transistorization. J]. W. Eng. Tele-Tech., 
Aug., 1953, p. 74 


Some Thermal Properties of Point- 


Contact Germanium Diodes. J. R. Till- 
man and J. C. Henderson. Philos. Mag 
(7th Ser.), July, 1953, p. 677. Experi- 


mental investigation at the British Post 
Office Engineering Research Station, Lon- 
don, England 

Transistor Physics Simplified. II. S. P 
Gentile and P. J. Barotta. Radio @ TV 
News, Aug., 1953, p. 46. Design, construc 
tion, and circuit applications. 

Transistors. VI- Stabilizing the Work- 
ing Point. VII The Principle of Duality. 
Thomas Roddam. Wireless World, July, 
Aug., 1953, pp. 311; 359 

Transistors: Theory and Application. 
VI—Operation of Junction Transistors. 
Abraham Coblenz and Harry L. Owens 
Electronics, Aug., 1958, p. 156 


Communications 


COZI, Communication Zone Indicator. 
Leonard C. Edwards. Electronics, Aug., 
1953, p. 152. Instant determination of 
optimum working frequency of prevailing 
ionospheric conditions; the Propagation- 
Frequency-Evaluation Set AN/GPQ-3 
(XW-1) 

Pulse-Code Modulation Systems: A. ] 
Oxford. Proc. IRE, July, 1953, p. 859. 
For radar and other applications permit- 
ting conservation of space and reduction 
in weight 

Radiocommunication on Frequencies 
Exceeding Predicted Values. Edward 
Appleton and W. J. G. Beynon. (JEE 
Radio Sect. Paper 1461.) Proc. IEE, Part 
III July, 1953, p. 192. 10 refs 
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KEARFOTT GYROS 


KEARFOTT vertical gyros provid- 
ing continuous vertical reference 
within two minutes of arc under 
bench conditions typify the engineer- 
ing know-how and production skills 
available to you in the field of pre- 
cision gyros for airborn control ap- 
plications. 

Designed for particular applica- 
tions with stringent performance re- 
quirements, a wide variety of free, 
vertical and rate gyros now in pro- 
duction are being used extensively in 
aircraft and missile control systems 
demanding the most precise gyro 
reference obtainable. 


KEARFOTT COMPONENTS 
INCLUDE: 
Gyros, Servo Motors, Syn- 
chros, Servo and Magnetic 
Amplifiers, Tachometer Gen- 
erators, Hermetic Rotary 
Seals, Aircraft Navigational 
Systems, and other high ac- 
curacy mechanical, electrical 
and electronic components. 


Kearfott gyros incorporate many 
unique features permitting operation 
under extreme operational or envi- 
ronmental conditions. A true her- 
metic seal in dry inert gas provides 
positive environmental protection. 
Synchro pick-offs and rigid structural 
elements assure performance during 
adverse conditions of vibration or 
shock. 

If you require gyros with these 
highly desirable characteristics, we 
would be happy to review your ap- 
plication to the end that these prob- 
lems may be resolved. Please write 
today for Bulletin #53 describing our 
products and facilities. Technical data 
on all products is available and will 
be sent on request. 


earfott 


SENGE 


CREATIVE ENGINEERING 


PRODUCTION ACHIEVEMENT 


KEARFOTT COMPANY, INC., 1150 McBride Ave., Little Falls, N. J. 
Midwest Office: 188 W. Randolph St., Chicago 1, Illinois 
West Coast Office: 253 N. Vinedo Ave., Pasadena, Calif. 


A General Precision Equipment Corporation Subsidiary 
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Electronic Controls 


Approximation of Transient Response. 
C. H. Dawson. Elec. Eng., Aug., 1953, p. 
687. Abridged. Feedback control design 
factors. 

Open-Loop Frequency Response 
Method. R. L. Cosgriff. Elec. Eng., Aug., 
1953, p. 677. Abridged. Application to 
servomechanisms and nonlinear control de- 
sign. 

A Relative Damping Criterion for Linear 
Systems. J. F. Koenig. Elec. Eng., Aug., 
1953, p. 697. Abridged 


Electronic Tubes 


Characteristics of Magnesium Fluoride 
and P7 Phosphors for Radar PPI Applica- 
tions. Albert W. Randall and Owen E 
McIntire. U.S.. CAA TDR 211, June, 
1953. 5pp. Results of comparative tests 
on cathode-ray tubes: the 12DP7, PAC, 
and VTP. 

A Decade Counter Tuber for High 
Counting Rates. A. J. W. M. Van Over- 
beek, J. L. H. Jonker, and K. Rodenhuis. 
Philips Tech. Rev., May, 1953, p. 313. De- 
scription of the EIT cathode-ray tube, 
which permits a direct reading of counts 
up to 30,000 pulses per sec., and discussion 
of a new circuit. 

The 06.2P.—A Sealed-Off Oscillograph 
Tube for Transient Recording. L. Atkin- 
son. Proc. Inst. Electronics, Second Quar- 
ter, 1953, p. 4. 

Phase Detector Uses Gated Beam Tube. 
Frank S. Holman, Jr. Electronics, Aug., 
1953, p. 180. Type6BN6 producing output 
voltage as function of phase-difference be- 
tween two voltages independent of ampli- 
tude; correction possibilities; circuit appli- 
cation to permit measurement of one de- 
gree phase shift at 10 me. 

A Rubber Membrane Model for Trac- 
ing Electron Paths in Space Charge Fields. 
G. A. Alma, G. Diemer, and H. Groendijk. 
Philips Tech. Rev., May, 1958, p. 336. 
Investigation of motion of electrons in an 
ultra-short-wave tube by a successive ap- 
proximation method; description of the 
apparatus and principles. 

Traveling-Wave Oscillator Tunes Elec- 
tronically. H.R. Johnson and J. R. Whin- 
nery. Electronics, Aug., 1953, p. 177. An 
electronically short tube delivering over 
100 milliwatts at 3,000 me., tuning 4.5 
percent with varied helix voltage, and us- 
ing external feedback through a filter to 
eliminate undesirable modes. 

Vibration Generator for Electron Tubes. 
U.S., NBS Tech. News Bul., July, 1953, 
p. 108. NBS development for subminia- 
turization problems 


Measurements & Testing 


Electron-Beam Interferometer. U.S, 
NBS Tech. News Bul., July 1953, p. 101. 
NBS-developed device for sensitive meas- 
urements of gradients of magnetic and 
electrostatic fields, used in research on 
electronic wave properties and in other 
applications. 

Equipments for Measuring Junction 
Transistor Admittance Parameters for a 
Wide Range of Frequencies. L. J. 
Giacoletto. RCA Rev., June, 1953, p. 269. 

Helix Impedance Measurements Using 
an Electron Beam. D. A. Watkins and 
A. E. Siegman. J. Appl. Phys., July, 
1953, p. 917. Theoretical and experi- 
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mental verification of Sensiper’s analysis 
predicting that certain values of the phase 
constant are not allowable for a_ single 
wire helix. 

How to Measure Low-Level R-F 
Signals. Kenneth E. Mortenson. Elec- 
tronics, Aug., 1953, p. 162. A cross-corre- 
lation system to detect radio-frequency 
radiation despite high ambient noise level. 

Measuring the Effectiveness of Shield- 
ing Materials. Charles De Vore. Elec 
Mfg., Aug., 1953, p. 122. NRL-developed 
evaluation technique 

Measuring Resistance and Reactance 
of an R-F Impedance. Scott L. Shive 
Electronics, Aug., 1953, p. 238 

The Ohmmeter; Its Basic Characteris- 
tics. W. Tusting. Wireless World, July, 
1953, p. 323. 

Power Factor Measurement. I, II. 
E. E. Moyer and H. E. Zieman. Elec. 
Mfg., July, Aug., 1953, pp. 122; 126. 13 
refs. Characteristics of applications and 
analysis of nonsinusoidal waveform. 

Pulse Averaging Circuit. F. E. Boyd 
and N. W. Guinard. Electronics, Aug., 
1953, p. 188. Voltmeter-types device 
to measure amplitude of pulses of widths 
as small as 0.35 microsec 

Remote Temperature Measurement. 
Wayne Tustin. Radio& TV News, Radio- 
Electronic Eng. Sect., Aug., 1953, p. 16. A 
direct-reading Wheatstone bridge arrange- 
ment to determine temperatures between 
—50° and +150° F. of a resistance-wire 
gage. 

The Touch-Down Rate-of-Descent In- 
dicator; an Instrument Developed by 
North American Aviation for Use in 
Measuring Impact on Landing. Myles V. 
Barasch. Aircraft Eng., July, 1953, p. 209. 
(Also in Electronics, Aug., 1953, p. 190.) 
TRODI, a reflected-light system using 
phototube-triggered thyratrons 

Transient Analysis by Time Selection. 
Raymond Winfield Electronics, Aug., 
1953, p. 184. direct-reading time- 
selective voltmeter developed by Naval 
Material Lab. and MIT for use in quanti 
tative wave-form and persistence measure 
ments on cathode-ray tube screens. 

Transmission-Line Impedance Meas- 
urements; Method of Three Readings. 
H. Sutcliffe. Wireless Engr., July, 1953, 
p. 180. 

Capacitor Commutator Tachometers. 
F. K. Floyd and D. J. Cody. Prod. Eng., 
July, 1953, p. 182. Operational princi- 
ples, basic circuitry, and relative ad- 
vantages of various types for speed meas 
urements. 


Transmission Lines 


Attenuation and Surface Roughness of 
Electroplated Waveguides. F. A. Benson 
(IEE Radio Sect. Paper 1518.) Proc. IEE, 
Part ITT, July, 1953, p. 218. 11 refs. 

Transmission of Electromagnetic Waves 
through Pairs of Parallel Wire Grids. 
Willice E. Groves. J. Appl. Phys., July, 
1953, p. 845. ONR-supported experi- 
mental analysis at U. of Calif. Antenna 
Lab. 

The Transvar Directional Coupler. 
Kiyo Tomiyasu and Seymour B. Cohn. 
Proc. TRE, July, 1953, p. 922. Quantita- 
tive theory and experimental results. 
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Tuned Microwave Reflectors. Samuel 
Freedman. Radio & TV News, Radio- 
Electronic Eng. Sect., Aug., 1953, p. 13 
Basic principles; efficiency aspects; radar 
and other applications. 


Wave Propagation 


Alternative Developments of the Theory 
of Radio Wave Interaction. L. G. H 
Huxley. Proc. Royal Soc. (London), Ser 
A, July, 1953, p. 520. 13 refs. Physical 
basis of the theory; review of experimental 
data; tone, transferred, and pulse modula 
tion and other aspects. 

Concerning Green’s Reinterpretation of 
the Magneto-Ionic Theory. C.G. McCue 
J. Atmospheric & Terrestrial Phys., June, 
1953, p. 239. Modes of propagation and 
ionospheric structure; discussion of correc 
tions to the Green theory to maximize 
usable frequency forecasts. 

Notes on Microwave Propagation. J]. Z 
Millar and L. A. Byam, Jr. W. U. Tech 
Rev., July, 1953, p. 98. The fading prob- 
lem in experimentation at 4000 me. 

The Propagation of Electromagnetic 
Waves Along a Conical Helix with Variable 
Pitch. Gésta Hellgren. (Chalmers Tek 
niska Hogskolas Handlingar, No. 130, 
1953.) Acta Polytechnica (Stockholm), 
Elec. Eng. Ser., No. 11 (120), 1953. 13 pp 

Scattering of Short Wave Radio Signals 
& Their Bearing on the Ionosphere. 
5. S. Banerjee, D. K. Banerjee, and V. D 
Rajan. J. Sci. & Ind. Res., Sect. A, June, 
1953, p. 278. 15 refs. 


Equipment 


The Aircraft Heater Ignition Envelope. 
Aircraft Heating Dig., Apr., 1953, p. 4. 
General characteristics; functions; testing 
and interchangeability aspects. 

Turbine Pumps Have Their Niche. 
Arthur B. Olmore. Prod. Eng., Aug., 
1953, p. 172. Design, operational, and 
performance characteristics of the impel 
ler, turbulence-regenerative type; applica- 
tions 


Electric 


The Construction of Small Solenoids 
for the Production of Intense Magnetic 
Fields. W. R. Myers. J. Sci. Instr., 
July, 1953, p. 237. 

Helvin Electrical Cable (Pressure) 
Bungs. R. T. Conlon. J. SLAE, June, 
1958, p. 17 
bulk. 

The Wear of Carbon Brushes at High 
Altitudes. R. F. Sims. (JEE Utilization 
Sect. Paper 1505.) Proc. IEE, Part 1, 
July, 1958, p. 188 


Means to reduce weight and 


Hydraulic & Pneumatic 


Control Circuits; for Feed—Clamp— 
Work Cycle. Ralph L. Hankin. Appl. 
Hydraulics, Aug., 1953, p. 47. Basic hy- 
draulic and electrical control design for 
cut-off and other applications. 

Control Valves: ASymposium. I 
Some Theoretical Considerations. A. R. 
Aikman. II Design. H.R. Walton 


Ill Application. B.W. Balls. Trans 
Soc. Inst. Tech., Mar., 1953, pp. 1; 10; 
20; Discussion, p. 27. 17 refs. 
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The First Announced Application 
of Photoelastic Techniques 
to Wind-Tunnel Balance Design 


The G-R Type 1534-A Polariscope reveals 
stresses in transparent, photoelastic models 
when they are observed under a steady polar- 
ized light. With high-intensity, short-duration 
flash illumination such as supplied by the 
G-R Type 1532-B Strobolume, dynamic 
stresses can be photographed as well. Both 
methods have been successfully applied by 
the Aeroballistics Design and Operations 
Division of the Naval Ordnance Laboratory to 
problems associated with supersonic wind- 
tunnel balances. 


Finger points 
to location : 
of axial-force balance section 
in supersonic model. 


GENERAL 


90 West St. NEW YORK 6 


olariscope 


RADIO Company 


275 Massachusetts Avenue, Cambridge 39, Massachusetts, U.S.A. 
920 S. Michigan Ave. CHICAGO $ 1000 N. Se 
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Photos courtesy of Naval Ordnance Laboratories 


Simplifies Supersonic Wind-Tunnel Studies 


Wind-Tunnel balances are inserted internally in models to be placed in controlled 
airstreams. Electrical strain gages are cemented to sections of the balance structure so 
that acting aerodynamic forces and moments may be measured. A primary problem in 
obtaining accurate measurements lies in properly designing the balance structure. 
Another difficulty is the exact locating of strain gages on the balance so that all six force 
and moment components will be accurately indicated without mutual interaction 
among components. 

Before the development of the photoelastic technique, both problems had to a large 
extent been handled emperically. Optimum balance design and gage placement are too 
complex for ordinary analytical stress studies. The Polariscope now enables accurate 


visual or photographic investigations which have considerably simplified design 
and measurements. 


A transparent model of the balance is examined. in 
the G-R Polariscope’s field of polarized, monochro- 
matic light under loading conditions which will be 
encountered in the wind tunnel. The black and white 
fringes recorded photographically through the Polari- 
scope are then interpreted qualitatively to give a 
complete picture of the stress distribution of the model. 

The stress pattern enables the designer to accurately 
design the balance structure and to place the strain 
gages where the stresses will be either completely in 
tension or in compression. This avoids previously 
troublesome cancellations of effects. 

The G-R Type 1534-A Polariscope is a versatile, 
lightweight, portable and convenient-to-use instru- 
ment, moderately priced at $490.00. 

Write for the G-R Polariscope Bulletin for a detailed 

description of the powerful photoelastic analytical 

method ...a technique which can be of use to 
every structural-design engineer. 


Stress distribution of plastic axial-force 
section under simulated air load applied 
by the Polariscope straining members. 
Photograph was taken with conventional 
camera equipment through the 
Polariscope. 


Admittance Meters Coarial Elements Decade Capacitors 
Decade Inductors % Decade Resistors tx Distortion Meters 
Frequency Meters % Frequency Standards ¥x Geiger Counters 
Impedance Bridges Modulation Meters Oscillators 
Variacs ¥z Light Meters % Megohmmeters % Motor Controls 
Noise Meters x Null Detectors * Precision Capacitors 
Pulse Generators wx Signal Generators tx Vibration Meters xx Stroboscopes % Wave Filters 
U-H-F Measuring Equipment % V-T Voltmeters % Wave Analyzers % Polariscopes 
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PAVES THE AIRWAY 
TO INTELLIGENT DESIGN 


pentury Model 408 Recordin 
ograph is rapidly becoming 
ard of the industry.” It has 


n designed and built expressly for 


and airborne operation. As 
all Century industrial instru- 
i, the Model 408 Oscillograph 
porates the utmost in modern - 
Mand workmanship resulting in 4 
efficient operation and, 


GEOPHYSICAL CORPORATION 


TULSA, OKLAHOMA 
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The Development of Cylindrical Piston 
Accumulators. John W.  Overbeke 
Appl. Hydraulics, Aug., 1953, p. 58. For 
aircraft hydraulic systems and other appli 
cations. 

Dynamic Behavior of Pneumatic De- 
vices. II. L.A. Gould and P. E. Smith 
Jr. Instruments, J. ISA sect., July, 1953 
p. 1026. Theoretical analysis of the trans 
fer function 

High-Pressure Pneumatics. l’.S., VBS 
Tech. News Bul., July, 1958, p. 104. NBS 
research, in cooperation with the Navy’s 
Bureau of Aeronautics, on airborne equip 
ment for more efficient utilization of 
weight and space. 

Hydraulic Control Systems. IV—aAuto- 
matic-Sequence Systems. R. Hadekel 
Mach. Des., July, 1958, p. 159. Basic de 
sign principles to develop circuits for 
maximum simplicity and effectiveness 
applications to aircraft landing gear and 
control devices. 

(Hydraulic) Servo Valve Design for 
Autopilot Applications. Martin P. Wolpin 
Appi. Hydraulics, July, 1953, p. 74 

Pneumatic Safety Circuits. H. L 
Stewart Prod. Eng., July, 1958, p. 196 
Includes 11 schematic diagrams incor 
porating protection control principles 

Spindle Drag Pump. R. A. Strub 
Mach. Des., July, 1953, p. 149. Use of the 
extruder design principle for small dis 
charge of viscous fluids at pressures of 
10,000 to 30,000 Ibs. per sq.in 

Which Characteristics for Hydraulic 
Fluid? B. B. Flick. Prod. Enz., Aug., 
1953, p. 149. Basic selection factors for 
various power and control systems 


Flight Operating Problems 


Correcting Fuel Nozzle Icing as a Cause 
of Aircraft Heater Ignition Failures. Air 
craft Heating Dig., Apr., 1953, p. 1 In 
vestigation in the Cornell Altitude and 
Cold Temperature Chamber. 

Impingement of Water Droplets on 
Wedges and Diamond Airfoils at Super- 
sonic Speeds. John S. Serafini 2s. 
VACA TN 2971, July, 1953. 62 pp. 16 


refs 


Flight Safety & Rescue 


Aircraft Fire Extinguishment. III 
An Instrument for Evaluating Extinguish- 
ing Systems. James D. New and Charles 
M. Middlesworth. U.S., CAA TDR 206, 
June, 1958. 12 pp. 

Le Décrochage. Interprétation des 
Accidents et Remédes. Edouard Billion 
Tech. et Sci. Aéronautiques, No. 2, 1953, p 
99. In French. Analysis of the uncou 
pling problem; interpretation of the reasons 
for accidents with proposed solutions 

Dispositifs de Sécurité pour les Avions 
a Grande Vitesse. I-—Aé€rofreins et 
Parachute Antivrille. Part 1—Aérofreins. 
Part 2—Parachute Antivrille. Alain 
Buret II—Parachutes de Freinage a 
l’Atterrissage. Roger Béteille. Tech. et 
Sct. Aéronautiques, No. 1, 1958, pp. 12; 29; 
12. 26 refs. In French. Analysis of ait 
craft high-speed safety equipment; design 
of different types of airbrakes; determina 
tion of the quality of an antispin para 
chute; problems of using parachute-brak 
ing systems 
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Fuels & Lubricants 


Composition of Vapors from Boiling 
Binary Systems; New Methods of Repre- 
senting and Predicting Equilibrium Data. 
Donald F. Othmer, Louis G. Ricciardi, and 
Mahesh Thakar. Jnd. & Eng. Chem., 
Aug., 1953, p. 1815. 52 refs. Relation- 
ships of volatile liquids in vapor-liquid 
equilibrium systems. 

Distribution Coefficients for 2-Methyl- 
1-Propanol-Water and 1-Pentanol-Water 
Systems. Kenneth F. Gordon. IJnd. & 
Eng. Chem., Aug., 1953, p. 1813. 

Phase Equilibria in Hydrocarbon Sys- 
tems. I—Volumetric and Phase Behavior 
of n-Pentane-Hydrogen Sulfide System. 
H. H. Reamer, B. H. Sage, and W. N. 
Lacey. II—Volumetric and Phase Be- 
havior of Decane-Hydrogen Sulfide Sys- 
tem. H.H. Reamer, F. T. Selleck, B. H 
Sage, and W. N. Lacey. Ind. & Eng. 
Chem., Aug., 1958, pp 1805; 1810. 29 
refs. 

Spontaneous Ignition Properties of 
Fuels and Hydrocarbons. J. Enoch John- 
son, John W. Crellin, and Homer W. 
Carhart. Ind. & Eng. Chem., Aug., 1958, 
p. 1749. 20 refs. NRL experimental in 
vestigation. 

Vapor-Liquid Equilibria at 760-Mm. 
Pressure ; 2-Propanol-Methyl Propyl Ke- 
tone and 2-Propanol-Methyl Isobutyl Ke- 
tone Systems. Louis H. Ballard and Mat 
thew Van Winkle. /nd. @ Eng. Chem., 
Aug., 1953, p. 1808. 


Lubricants & Lubrication 


Aliphatic Esters; Properties and Lubri- 
cant Applications. George Cohen, C. M. 
Murphy, J. G. O’Rear, Harold Ravner, 
and W. A. Zisman. Ind. & Eng. Chem., 
Aug., 1953, p. 1766. 38 refs. NRL in- 
vestigation of problems involved in instru- 
ment lubrication at low temperatures; 
applications to aircraft gas turbines, high- 
altitude equipment, ordnance, and other 
uses. 

How Metals Wear. W. E. Jominy. 
SAE J., Aug., 1958, p. 28. Abridged. 

Lubricants Test Illustrations. l’.S. 
Steel Lubricants Testing Lab., Manual, 
May 1, 1953. 47 pp. Evaluation pro- 
cedures and methods. 

Spontaneous Ignition of Lubricating 
Oils. Charles E. Frank, Angus U. Black- 
ham, and Donald E. Swarts. IJnd. & Eng. 
Chem., Aug., 1953, p. 1753. 19 refs. 
NACA-sponsored investigation of various 
types of lubricants; combustion and other 
properties 

Synthetic Lubricants from Hydroxy- 
stearic Acids. H. M. Teeter, L. E. Gast, 
E. W. Bell, and J. C. Cowan. Ind. & 
Eng. Chem., Aug., 1958, p. 1777. Applica- 
tions include lubrication of jet engines, 
gyroscopes, and high-speed equipment 
operating at extremes of temperature 


Gliders 


Généralités sur le Pilotage et le Guid- 
age. Max Salmon. Tech. et Sci. Aéro- 
nautiques, No. 1, 1953, p. 47. In French. 
Glider piloting and guidance problems; 
aids and controls; economic aspects. 
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Hiram Maxim’s 
“Giant” (GB), 1894. 
350 hp steam engine; 
104 ft. span, 


An industry whose tremen- 
dous growth has forced the 
continued expansion of the 
manufacturing facilities of 
many companies to feed 
this great industry's carnivo- 
rous appetite for production. 


Indiana Gear Works is such 
a company—we began to 
produce precision parts for 
the aviation industry in 1933. 


Today, twenty years later, 
we find ourselves continuing 
to increase our physical plant 


The manufacturing facilities of IGW in order to quis the 


at Indianapolis tion capacity we need to 
consistently produce quality 
precision parts and assem- 
blies. 


INDIANA GEAR 


INDIANA GEAR WORKS, INC. ¢ INDIANAPOLIS 7,INDIANA 
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Terminals are hermetically 
sealed by exclusive process 
developed for Cannon’s widely 
acclaimed hermetically sealed 
electric connectors. 


Insulation test: 1000v ac 


The armature (plunger) and the 
anvil are high quality annealed 
Armco magnetic ingot iron. 


TRUE 
hermetic sealing 
in this new 


CANNON (Cc 


SOLENOID 


For pressurized or corrosion resistant 
service, Cannon's dc Solenoids offer posi- 
tive hermetic sealing, sound construction, 
painstaking workmanship and high- 
est quality materials. A vitreous insulat- 
ing material is heat-fused to shell and 
contact terminals, creating a perfect seal. 
Other parts are silver brazed. The en- 
tire solenoid is then copper-nickel-chrome 
plated to insure complete coverage, high 
corrosion resistance and long, trouble-free 
service. Solenoid No. 19760, above, the 
first hermetically sealed product of this 
type, is built for continuous duty on 28v 
dc systems. Fitted with other coils, it 
renders intermittent duty as characterized 
by the chart at right. Cannon's hermeti- 
cally sealed solenoid series reflects the 
same uncompromising attention to details 
of sound design, engineering and work- 
manship that has made the name “Can- 
non” synonymous with “quality” for more 
than 38 years. For complete information 
write for new Solenoid Bulletin DCS4- 
1953 showing 105 different assemblies. 


CANNON ELECTRIC COMPANY, LOS ANGELES 31, CALIFORNIA 
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TRACTIVE FORCE (POUNDS) 


ENGINEERING 


Molded Nylon cap pro- 
tects the terminals. 


Molded ‘“‘Silcan’’ cap 
protects the return 
spring and plunger end. 


Silver brazed seals 


| 
| if 
8 T T 
| 
6 + 
| ae 
0 
% 1 


SOLENOID STROKE (INCHES) 


Solenoids of the hermetically sealed 
19760 series, through modification of the 
coil windings, can meet various charac- 
teristics and specific applications within 
the limits indicated above. 


CAN NON 


Since 1915 


Factories in Los Angeles, Toronto, New Haven. * Representatives in principal 
cities. Address inquiries to Cannon Electric Company, Dept. J-105, Los 


Angeles 31, California. 
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Instruments 
Compteur Electromécanique  d’Ac- 
célérations. R. Bouillot. La Recherche 


Aéronautique, Nov.-Dec., 1952, p. 59. In 
French. (Also translation in Engr. Dig., 
Apr., 1953, p. 133). An electromechanical 
acceleration counter for the purpose of de 
signing aircraft and studying wind disturb 
ances. 

Engine Analyzer. Wesley Cook. Sky 
ways, Sept., 1953, p. 12. Operational and 
economic evaluation. 

The Gyroscope in Aeronautics; An 
Explanation of Principles and of Effects 
Useful and Otherwise. A. H. Yates 
Flight, July 17, 1953, p. 78. 

Der symmetrische Kreisel mit zeitlich 
periodischem Richtmoment. W. Braun 
bek. ZAMM, May-June, 1953, p. 174 
In German. The motion of a symmetric 
gyroscope with a constant and harmoni 
cally variable directing moment acting at 
the axis 

L’Enregistrement Mécanique des 
Amplitudes au Cours de 1’Essai de Vibra- 
tions au Sol. G. Hentschel. La Recherche 
Aéronautique, May-June, 1952, p. 57. In 
French. Description of mechanical de 
vices to measure aircraft vibration on the 
ground. 

Mock-ups for Vibration and Shock 
Testing. Charles E. Crede. Prod. Eng., 
July, 1953, p. 186. For airborne com 
ponents and instruments and other appli 
cations. 


Automatic Control 


Analogies for Hydraulic and Electric 
Drives in Servomechanisms. 
Chu and L. A. Gould. 
July, 19538, p. 851. 

Automatic Control Problems in Re- 
finery Fuel Systems. R. F. C. Simpson 
Trans. Soc. Inst. Tech., Mar., 1958, p. 31 

Optimum Three-Mode Controller Set- 
tings for Automatic Start-Up. D. W 
Pessen. Trans. ASME, July, 1953, p. 843 
Indicators of dead time tolerance in start 
up performance; derivation of solution of 
controller settings from laboratory analog 
tests. 

Theoretical Consideration of Retarded 
Control. G. H. Cohen and G. A. Coon. 
Trans. ASME, July, 1953, p. 827. Analy- 
sis of control parameters applied to single- 
capacity process with dead-period lag; 
method to determine adjustable parame- 
ters for a desired degree of stability 


Yaohan 
Trans. ASME, 


Flow- Measuring Devices 


An Electromagnetic Torquemeter for 
Use in Viscometry. C. A. R. Pearce 
J. Sci. Instr., July, 1953, p. 232. De 
veloped at the British Fuel Research Sta- 
tion, Dept. of Scientific and Industrial 
Research 

Fast-Response 
Flowmeter. Yao Tzu Li. Trans. ASME, 
July, 1953, p. 835. Experimental investi 
gations with long-range, linear-scale de 
signs based on the Coriolis flow accelera 
tion and torque-measurement principle; 
applications to rocket- and jet-engine re 
search, hydraulic servomechanisms, and 
other measuring requirements. 
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Bombs from eight miles up 


or at treetop level 


will be simple assignments for 


—the new Douglas B-66B 


\ versatile new Air Force bomber now 
moves from Douglas drawing boards 
toward service. Construction of the first 
B-66B is under way. 

Twin jets, slung outboard on the wing 
will put B-66B in the 600 to 700 mph 
class, while special design will permit 


Enlist to fly in the U. S. Air Force 


Depend on DOUGLAS 


wide selection of bomb combinations for 
varied missions. Even with full bomb 
load, B-66B’s efficient power-to-weight 
ratio will give ample range to travel far 
over enemy territory, and return. In 
speed, range and capacity it will be built 
to meet tactical requirements for de- 


livering the most potent weapons in the 


nation’s defense arsenal. 

The design of B-66B is another ex- 
ample of Douglas leadership. Planes that 
can be produced in quantity to fly faster 
and farther with a bigger payload are a 
basic concept at Douglas. 
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CONTACTS 


@MPHENOF AN CONNECTORS 
AL 


NOW STANDARD ON 


AMPHENOL has always led the way in every improvement on A N 
connectors. And, realizing from past experience the value of 
gold-plating contacts, AMPHENOL has pioneered a provision for 
gold-plating of contacts in government AN specifications. AMPHENOL 
is first again—and with gold-plated contacts as standard on all AN 
connectors now offers these added features: 


plated contacts give each AMPHENOL A N connector a 


GOLD 


superior contact surface, electrically and mechanically. 


GOLD plated contacts end forever the problem of oxidation, as with ordinary 
silver contacts. One result: like-new appearance and indefinite stock life. 


GOLD plated contacts make soldering easier and faster than with silver — 
no pre-tinning of solder cups is required. 


AMPHENOL builds to the Future of Electronics— 


S i for your copy of the new 


connectors and fittings 
E . Write AMPHENOL to- 
day for your copy of catalog A-3. 


AMERICAN PHENOLIC CORPORATION 
chicago 50, illinois 
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AMPHENOL 
AN CONNECTORS 


First with melamine inserts, first 
with the new improved dielectric 
material 1-501 diallyl phthalate, 
first with machined coupling rings, 
Amphenol now has made yet an- 
other improvement in AN connec- 
tors with the introduction of gold- 
plated contacts as standard. And, 
since Amphenol first began to manu- 
facture AN 
has been one of constant improve- 
ments, leading to one result : superior 
efficiency in every application with 
the use of Amphenol AN connectors. 
Because of this record, Amphenol 
today is the leading manufacturer 
of approved AN connectors. 


connectors, the record 


Every Amphenol AN connector is 
made to government specifications, 
but if alternate processes in manu- 
allowed, Amphenol has 
always adopted the highest quality 
interpretation. Thus, many fea- 
tures of Amphenol AN connectors 
exceed the the 
specifications and are unique with 
Amphenol. Gold-plating contacts 
is the newest 


facture are 


requirements of 


Amphenol improve- 
ment in AN’s and is representative 
of the plus values built into Am- 
phenol connectors to save the user 
time and money and to assure the 


best possible performance. 


For, not only in design are Am- 
phenol AN connectors superior 
but in performance, too. Highly 
trained personnel, modern manu- 


facturing facilities and rigid quality 
control procedures combine to in- 
sure that every Amphenol AN con- 
nector will perform with precision 
for years. 


Amphenol AN connectors, while 
designed for the armed services, are 
ideal for commercial and industrial 
uses where the same dependability 
is mandatory. AN connectors are 
being widely employed in electrical 
and electronic industrial equipment, 
laboratory apparatus and_ thera- 
peutic devices. Many industries 
railroads, aircraft, textiles, radio and 
television—use types of circuits in 
which Amphenol AN 
perform to great advantage. 


connectors 


AERONAUTICAL 


REVIEWS 


Les Jaugeurs Electroniques a Asservis- 
sement F.R.B. ys et Sci. Aéronau- 
tiques, No. 6, 1952, 391. In French. 
Operating principles a the FRB elec- 
tronic calibrator for precise measurement 
of fuel consumption. 

Measurement of Pulsating Flow with 


Propeller and Turbine-Type Meters. 
R. B. Dowdell and A. H. Liddle, Jr. 
Trans. ASME, July, 1958, p. 961. Tests 


on four fluid meters under variable condi- 
tions of unsteady flow. 

A New Method for Continuous Vis- 
cosity Measurement. General Theory of 
the Ultra-Viscoson. Wilfred Roth and 
Stanley R. Rich. J. Appl. Phys., July, 
1953, p. 940. An ultrasonic viscometer 
employing a pulsed resonant exponentially 
damped magnetostrictive strip; applica- 
tions. 


Pressure-Measuring Devices 


New Developments in the Production 
and Measurement of Ultra High Vacuum. 
D. Alpert. Appl. Phys., July, 1958, p. 
860. 44 refs. Research on very low pres- 
sure problems; possible applications to 
gaseous and physical. electronics. 

Precise Pressure Measurement. Louis 
Ollivier and D. J. Tricebock. Elec. Mfg., 
Aug., 1953, p. 114. The Press-I-Cell, indi- 
cating sensitivity to one part in 10,000 and 
combining a high-gain servo-amplifier with 
reactance bridge transducer. 

Probe Studies of Energy Distributions 
and Radial Potential Variations in a Low 


Pressure Mercury Arc. R. M. Howe. 
J. Appl. Phys., July, 1953, p. 881. 18 
refs. MIT experimental research. 


Temperature-Measuring Devices 


Mesures de Températures sur Organes 
Tournant 4 Grande Vitesse. E. Fournel 
and C. Douchet. La Recherche Aéro- 
nautique, May-June, 1952, p. 33. In 
French. New electrical technique and 
device, incorporating sliding contacts, to 
measure temperature of bodies turning at 
high speeds; comparison with thermo- 
couple and other industrial procedures; 
applications. 

Modified 1913 Reference Tables for 
Iron-Constantan Thermocouples. Robert 
J. Corruccini and Henry Shenker. (U.S., 
NBS Res. Paper 2415.) U.S., NBS J. 
Res., May, 1953, p. 229. 

Temperature Measurement—with 
Thermocouples in Hydraulic Circuits. 
H. L. Kressin. Appl. Hydraulics, July, 
1953, p. 47. Design and operation of 
thermoelectric thermometers and other 
temperature recording devices. 


Machine Elements 


Aircraft Powerplant Seals. Norman F. 
Rooke. SAE J., July, 1953, p. 23. Re- 
port of SAE round table discussion, held in 
Atlantic City, N.J., June 5, 1952, on static 
fuel-resistant O-Ring seals and applica- 
tions. 

Designing Right-Angle Helical Gears. 
Oliver Saari. Mach. Des., July, 1953, p. 
145. A new and exact mathematical 
method to replace trial-and-error and lay- 
out techniques. 

How to Find a Gear Tangent to Three 
Other Gears. Joseph Polonski. Tool 
Engr., Aug., 1953, p. 75. 


A broad, fundamental treat- 


ment by an_ internationally 
known authority 


INTRODUCTION TO 


AERONAUTICAL 
DYNAMICS 


__ By MANFRED RAUSCHER 
Eidgenossische Technische Hochschule, Zurich 
(Formerly of M.1.T.) 

Fifteen years in the writing, this work 
offers an integrated treatment of the field 
of mechanics, designed especially for 
practicing aeronautical engineers. It 
unites the subjects of fluid dynamics, 
aerodynamics, and fundamental me- 
chanics of solids into an unusually fresh 
and practical presentation. Based 
largely on the author's pioneering work 
at The Massachusetts Institute of Tech- 
nology, the book explains fundamentals 
completely and elaborates abstruse con- 
cepts with great precision. 

Covers: 

Newton's Law and the Conservation of Matter. 
Kinematics of a Point. Dynamics of a Particle. 
Dynamics of Groups of Particles. Fundamental 
Equations of Fluid Motion. Stream Function 
and Velocity Potential. Fluid Motion about 
Simple Bodies. Transformations. Ajirfoils. Ajir- 
foils in Three Dimensions. Viscosity. Kinematics 
of Rigid Bodies. Dynamics of Rigid Bodies. 
Oscillations of System with One Degree of 
Freedom. Oscillations of Systems with More 
Than One Degree of Freedom. 
1953 664 pages Ilustrated 


ULTRA HIGH FREQUENCY 
PROPAGATION 


By H. R. REED, University of Maryland, 
C ~ NATC, River, Md.: 
and C. M. RUSSELL, U. S. Naval Air Test 
eon Patuxent River 

Here is the most recent information on new develop- 
ments in the field of UHF radio wave propagation 
information which forms the foundation for far- 
reaching changes in the field of design. The reliable 
data and theory presented make possible a fuller 
understanding of such critical factors as reflection, 
divergence, diffraction, turbulence, and directivity 


1953 562 pages 286 Illustrations $9.50 


THE ATOMISATION of 


By E. GIFFEN and A. MURASZEW 
Important research results on a process by which an 
initially continuous jet is broken into a number of 
small droplets provide a useful picture of the whole 
mechanism of atomisation. 


1953 246 pages 


$12.00 


Ilustrated $6.00 


& Bail Coupon for FREE Examination® 
i JOHN WILEY & SONS, INC. 
440 Fourth Ave., New York 16, N. % 
Please ship books checked below for-FREE ex- 
amination. Within 10 days I will remit price plus 
| postage for any I wish to keep, and requtn any I do 
not wish to keep. 
Introduction to Aeronautical Dynamics $12.0 
Ultra High Frequency Propagation $9.50 
i Atomisation of Liquid. Fuels $6.00 
Name 
Address 
| City... 4.9 Zone State 
ae NSSTAGE Check here if you ENCLOSE 
4 Pa a which case we pay postage. Prompt 
oe on any books you return 
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Linkage Design. Philip T. Nickson. 
Mach. Des., July, 1953, p. 187. Deriva- 
tion of an input-output motion relation- 
ship in mechanism design; application to 
a Klystron cavity tuner in radar and other 
uses. 

Investigation of Stresses Around a Hole 
in Thin Rotating Disks of Hyperbolic and 
Parabolic Profiles. S. Kumar and C. V. 
Joga Rao. J. Indian Inst. Sci., Sect. B, 
Apr., 1953, p. 93. 

Stresses in Rotating Parts. 
and A. J. Durelli. Mach. Des., July, 1953, 
p. 128. Experimental investigations using 
plastic models; turbojet and other applica- 
tions 


R. L. Lake 


Materials 
Residual Compressive Stress 
Strengthens Brittle Materials. John O. 
Almen. Prod. Eng., July, 1953, p. 189. 


Tests Electrochimiques pour Apprecier 
la Sensibilité 4 la Corrosion Intergranu- 
laire des Alliages Légers. Application a 
l’Etude du Méchanisme de la Corrosion 
sous Tension. P. A. Jacquet. La Re- 
cherche A éronautique, Jan.-Feb., 1952, p. 55. 
23 refs. In French. Two new rapid elec- 
trochemical methods for measuring sensi- 
tiveness of aluminum-magnesium and 
aluminum-zinc-magnesium alloys to inter- 
granular corrosion ; experimental investiga- 
tion of the mechanism of hydrochloric- 
acid-produced corrosion under tension. 


Metals & Alloys 


The Anomalous Skin Effect and the 
Reflectivity of Metals; Evaluation of the 
Integrals Appearing in the Expressions for 
the Surface Impedance. R. B. Dingle. 
Appl. Sci. Res., Sect. B, No. 2, 1953, p. 69. 
Derivation of series expansions for the 
integrals 

A Dictionary of Metallurgy. XVIII 
Ha Hi. A. D. Merriman and J. S. Bow- 
den. Metal Treatment, July, 1953, p. 313. 

Jet Metals. Wilson G. Hubbell. Aero. 
Eng. Rev., Sept., 1953, p. 31. Develop- 
mental survey of high-temperature proper- 
ties in terms of requirements. 

Light Alloys and Production Problems. 
I_-High-Strength Light Alloys. A. Black. 
II--The Transition from Prototype to 
Production in Aircraft Manufacture. W. 
S. Hollyhock. (Papers, AFIT A Congress, 
Paris, 1953.) Flight, July 17, 1953, p. 91. 
Abridged 

The Reaction of Metals to Force; An 
Examination of the Fundamentals of Re- 
sistance to Stress, with Particular Refer- 
ence to the Importance of Ductility. P.C 
Giles. Aircraft Eng., July, 19538, p. 204. 

A Theoretical Calculation of the Stored 
Energy in a Work-Hardened Material. 
A. N. Stroh. Proc. Royal Soc. (London), 
Ser. A, July 7, 1953, p. 391. 22 refs 
Experimental studies at the H. H. Wills 
Physical Lab., U. of Bristol, England. 

A Theory of Work-Hardening of Metals. 
II--Flow Without Slip-Lines, Recovery 
and Creep. N. F. Mott. Philos. Mag 
(7th Ser.), July, 1953, p. 742. 


Metals & Alloys, Ferrous 


Comparison of Tests for Hardenability 
of Shallow-Hardening Steels. G. 
Manning. SAE J., July, 1953, p. 30 


AERONAUTICAL ENGINEERING 


REVIEW 


Grinding and Lapping Stresses in 
Manganese Oil-Hardening Tool Steel. 
H. R. Letner and H. J. Snyder. Trans. 
ASME, July, 1953, p. 873; Discussion, p 
881. 

Statistical Analysis of Behavior in the 
Transition Temperature Zone. R. W 
Vanderbeck, H. D. Wilde, R. W. Lindsay, 
and C. Daniel. Welding J. Res. Suppl., 
July, 1953, p. 325-s. Investigations to 
determine the notch toughness of steel at 
various temperatures, using the standard 
keyhole charpy specimen 

Surface Conditions and Mechanical 
Properties. I. Howard E. Boyer. Steel 
Processing, July, 1953, p. 330. Analysis of 
composition and grain structure of steel; 
fatigue strength testing 


Metals & Alloys, Nonferrous 


Effect of Prestraining on Recrystalliza- 
tion Temperature and Mechanical Proper- 
ties of Commercial, Sintered, Wrought 
Molybdenum. Kenneth C. Dike and 
Roger A. Long. U.S., NACA TN 2973, 
July, 1953, 25 pp. 

The Fabrication and Room Tempera- 
ture Brittleness of Chromium. F. Hender- 
sonand H.L. Wain. Australia, ARL Rep 
SM. 202, Mar., 1953. 20 pp. 

Heat Conductivities of Superconductive 
Sn, In, Tl, Ta, Cb, and Al Below 1°K. 
K. Mendelssohn and C. A. Renton. 
Philos. Mag. (7th Ser.), July, 1953, p. 776. 

Aluminum Casting Alloys. Vernon 
Swan. Elec. Mfg., Aug., 1953, p. 97. 
Composition and properties; applications. 

Determination of Hydrogen in Wrouzht 
Aluminum Alloys. C. B. Griffith and 
M. W. Mallett. Anal. Chem., July, 1953, 
p. 1085. Porosity problem in weldments. 

Effect of Stress Amplitude on Statistical 
Variability in Fatigue Life of 75S-T6 
Aluminum Alloy. G. M. Sinclair and T. J 
Dolan Trans. ASME, July, 1953, p 
867; Discussion, p. 870. ONR-sponsored 
experimental investigation 

Recent Researches on Aluminium and 
its Alloys; Influence of Grain Size and 
Purity on Mechanical Properties. D. C. 
G. Lees. Metal Treatment, July, 1958, p. 
293. 

How to Protect Magnesium Against 
Wear. E. L. Schaper SAE J., Aug., 
1953, p. 37. Abridged 

The Manufacture and Properties of 
Titanium and its Alloys. Il. N. P. Allen 
Metal Treatment, July, 1953, p. 327. 24 
refs. 

Strength of Joints in Titanium Brazed 
with Several Alloys. L. W. Smith and 
L. A. Yerkovich. Prod. Eng., July, 1953, 
p. 141. Rapid heating techniques; test 
results. 


Nonmetallic Materials 


Jewel Bearings Precision Components 
for Quality Equipment. Randall P. 
Cameron, Jr. Prod. Eng., Aug., 1953, p. 
186. Applications of jewel materials in- 
clude shock-proof low-torque instruments 
and control devices 

A Note on the Properties of Himalayan 
Spruce and Fir & Andaman Dhup in 
Relation to Their Use in Aircraft Construc- 
tion. S. Ramamritham and R. Narasim 
han. J. Aero Soc. India, May, 1953, p 
36. Qualitative tests of different woods for 
gliders and airframe components. 


OCTOBER, 


1953 


Contribution 4 la Méthode Photo- 
élastique de Figeage des Contraintes 
Emploi de la Résine Markon 7. J 
Aubaud. La Recherche Aéronautique, 
Nov.-Dec., 1952, p. 51. In French. Con 
tribution to the photoelastic method to 
study strain fixing by use of Markon 7 
resin, with an analysis of its plastic and 
thermodynamic properties. 

Les Résines Synthétiques en Construc- 
tions Aéronautiques; Réalisations et Be- 
soins. Pierre Lequeux. Tech. et Sci 
Aéronautiques, No. 6, 1952, p. 377. In 
French. Analysis of requirements in the 
use of synthetic resins for aircraft construc- 
tion, including applications of sandwich 
and other new materials. 

Some Design Considerations for Injec- 
tion-Molding Heating Chambers. G. D 
Gilmore and G. B. Thayer. Trans 
ASME, July, 1953, p. 903. Theoretical, 
experimental, and practical data on the 
behavior of plastics under high pressures 
under granular and fluid conditions. 

Stress and Strain at Onset of Crazing of 
Polymethyl Methacrylate at Various Tem- 
peratures. M. A. Sherman and B. M. 
Axilrod. ASTM Bul., July, 1953, p. 65. 

Stress-Crazing of Plastics. J. A. Sauer 
and C. C. Hsiao. Trans. ASME, July, 
1953, p. 895. Stress-strain behavior pat 
terns of crazed, noncrazed, and oriented 
materials. 

The Trend of Complete Aircraft and 
Guided-Missile Structures Toward Rein- 
forced Plastics. William E. Braham 
Aero. Eng. Rev., Sept., 1953, p. 37. Poten 
tialities of plastics compared with othet 
materials, with charts and diagrams. 

Creep of Neoprene in Shear Under 
Static Conditions; Ten Years. W. Newlin 
Keen. Trans. ASME, July, 1953, p. 891 
Research developments and testing pro 
cedures; characteristics and applications 

Engineering Developments of Rubber, 
1951-1952. Betty Jo Clinebell and Leora 
E. Straka. Mech. Eng., Aug., 1953, p 
632. 139 refs. Survey of research and of 
the literature. 

The Relaxation Distribution Function of 
Polyisobutylene in the Transition from 
Rubber-Like to Glass-Like Behavior. 
John D. Ferry, Lester D. Grandine, Jr., 
and Edwin R. Fitzgerald. J. Appl. Phys., 
July, 1953, p. 911. 27 refs. Analysis, by 
the method of reduced variables, of the 
frequency and temperature dependence of 
the real and imaginary parts of the com 
plex compliance 


Sandwich Materials 


Bending Tests of Thin-Wall Sandwich 
Cylinders. George Gerard. J. Aero. Sci., 
Sept., 1953, p. 639. Theoretical and ex 
perimental investigation of the buckling 
behavior of sandwich cylinders. 

Durchbiegung von geschichteten Plat- 
tenkérpern mit leichter Fiillung. V 
Vodicka. ZAMM, May-June, 19538, p 
188. In German. The deflection of sand 
wich materials with a soft core. 

An Exact Solution for the Buckling Load 
of Flat Sandwich Panels with Loaded 
Edges Clamped. S. V. Nardo. J. Aero 
Sci., Sept., 1953, p. 605. 12 refs. 


Fabrication des Matériaux Sandwich. 
Pierre Lequex. 
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tiques, No. 1, 1958, p. 59. In French. 
Lockheed production of sandwich ma- 
terials. 


Testing 


Application of Echelle Spectrographs to 
Quantitative Analysis of Boron in Steel. 
W. G. Kirchgessner and N. A. Finkel- 
stein. Anal. Chem., July, 1953, p. 1034. 
22 refs. 

The Charpy Impact Machine and Pro- 
cedure for Inspection and Testing Charpy 
V-Notch Impact Specimens. David E. 
Driscoll. ASTM Bul., July, 1953, p. 60. 

An Interferometer for Examining Pol- 
ished Surfaces. Ronald E. Sugg. Mech. 
Eng., Aug., 1953, p. 629. 

Mechanical Stability Test for Rubber 
Latices. Samuel H. Maron and Irwin N. 
Ulevitch. Anal. Chem., July, 1953, p. 
1087. 

A Micromanipulator for Electrical In- 
vestigations of Semiconducting Materials. 
A. Kelen. Appl. Sci. Res., Sect. B., No. 2, 
1953, p. 125. To permit independent test 
ing operation of one—five electrode points. 

New Ultrasonic Test Method. Thomas 
A. Dickinson. Steel Processing, July, 1953, 
p. 327. ‘Immersion-scanning”’ technique 
developed by Electro-Circuits Inc., Pasa- 
dena, Calif. 

On the Geometrical Arrangement in 
Hall Effect Measurements. \V. Frank. 
Appl. Sci. Res., Sect. B., No. 2, 1953, p. 
129. 

Spectrochemical Determination of Mag- 
nesium, Iron, Silicon, and Manganese in 
Titanium Metal. H. A. Heller and R. W. 
Lewis. Anal. Chem., July, 1953, p. 1038. 

Spectrographic Analysis of 18-8 Stain- 
less Steel for Cobalt, Manganese, and 
Stabilizing Elements. Neil E. Gordon, 
Ir., Ralph M. Jacobs, and Marilyn C. 
Rickel, Anal. Chem., July, 1958, p. 10381. 

Structural Comparison of Perforated 
Skin Surfaces with Other Means of 
Effecting Boundary-Layer Control by 
Suction. Charles B. Cliett. Acro. Eng 
Rev., Sept., 1958, p. 46. 16 refs. Applied 
results of theoretical and experimental 
investigations; tensile, flexure-fatigue, and 
shear strength tests of perforated plywoods 
and 24ST-3 aluminum-alloy sheets 

Tensile Testing at High and Low Tem- 
peratures. Kk. W. Mitchell. Prod. Eng., 
Aug., 1958, p. 197. Includes stress-strain 
and temperature curve charts 


Mathematics 


_ Calcul des Racines Complexes des 
Equations Algébriques de Degré Elevé a 
Coefficients Réels ou Complexes; Méca- 
nisation de la Méthode sur Machines 4 
Cartes Perforées. FE. Bonneau and R 
Janin. La Recherche Aéronautique, Jan 
Feb., 1952, p. 39. In French. Calculation 
of complex roots of algebraic equations of 
high degree with real or complex: coeffi- 
cients; analysis of a perforated-carding 
machine method; applications include a 
means of attacking aircraft flutter prob- 
lems 

Calculation of Dihedral Angles. Wil 
liam W. Johnson. Prod. Eng., Aug., 1953, 
p. 213 

Matrix Solution of Equations of the 
Mathieu-Hill Type. Louis A. Pipes. / 
Appl. Phys., July, 1953, p. 902. 26 refs 


AERONAUTICAL REVIEWS 117 


triple 
threat \ 


Changing temperatures, vibrations, and accelerations 
affect the operation of all instruments. In spite of these 
variables, our products produce the right answers 
because they are properly designed. 


AIRCRAFT INSTRUMENTS AND CONTROLS 
OPTICAL PARTS AND DEVICES 
MINIATURE AC MOTORS 

RADIO COMMUNICATIONS AND 
NAVIGATION EQUIPMENT 


Current production is largely destined for our defense 
forces; but our research facilities, our skills and tal- 
ents, are available to scientists seeking solutions to 
instrumentation and control problems. 


Kollsman cow 
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Method based on a procedure involving 
powers of matrices applicable to a large 
class of physical problems. 

Méthode Pratique de Résolution des 
Systémes d’Equations Linéaires Donnant 
les Inconnues de Liaisons Hyperstatiques. 
René Bournat. Tech. et Sci. Aéronau- 
tiques, No. 5, 1952, p. 335. In French. A 
practical method of calculating systems of 
linear equations by applying hyperstatic 
relations to the unknown coefficients. 

On Methods for Obtaining Solutions of 
Fixed End-Point Problems in the Calculus 


of Variations. Marvin L. Stein. (U.S., 
NBS Res. Paper 2418.) U.S., NBS J. 


Res., May, 1953, p. 277. 

Stochastic Processes Associated with 
Random Divisions of a Line.  Alladi 
Ramakrishnan. Proc. Cambridge Philos. 
Soc., July, 1953, p. 473. 

Approximate Solution of Non-Linear 
Equations; a Step-by-step Method for 
Obtaining an Approximate Numerical 
Solution of a Non-linear Differential 
Equation. J. M. Nightingale. Aircraft 
Eng., July, 1958, p. 202. 

Linear Approximations in a Class of 
Non-Linear Vector Differential Equations. 
J. J. Gilvarry. Quart. Appl. Math., July, 
1953, p. 145. 

Eigenfunction Expansions Associated 
with Partial Differential Equations. III. 
E. C. Titchmarsh. Proc. London Math. 
Soc., 3rd Ser., June, 1953, p. 153. 

Geometrical Representations of Bounds 
of Eigenvalues. Kyuichiro Washizu. J. 
Japan Soc. Appl. Mech., Dec., 1952-Feb., 
1953, p. 159. Theorems to provide upper 
and lower bounds for eigenvalues of 
Hermitian operators represented in n- 
dimensional vector space, with the prob- 
lems treated being of a finite degree of free- 
dom. 

Some Remarks on a Class of Eigen- 
value Problems with Special Boundary 
Conditions. G.W. Morgan. Quart. A ppl 
Math., July, 1953, p. 157. Analysis of 
Sturm-Liouville problem with modifica- 
tions; physical examples. 

The Chebyshev Approximation Method. 
Preston R. Clement. Quart. Appl. 
Math., July, 1953, p. 167. 31 refs. Re 
view of the literature; analysis of the prob- 
lem, with illustrative applications to the 
electric circuit theory. 

Elastostatique Plane. Robert Legendre. 
La Recherche Aéronautique, May-June, 
1952, p. 3. In French. Comparison of 
two analytic methods, based on_ bihar- 
monic, doubly complex, and hypercomplex 
functions, for solving plane elastostatic 
problems. 

On Convex Spans of Translates of 
Functions on a Group. R. E. Edwards 
Proc. London Math. Soc., 
1953, p. 222. 14 refs 

Calculation of Accuracy of Results of 
Graphical Square Intercomparisons. P 
M. Gilet and G.S. Watson. Australian J. 
Phys., June, 1953, p. 155 

A Frequency-Function Form of the 
Central Limit Theorem. Walter L. Smith. 
Proc. Cambridge Philos. Soc., July, 1953, p. 
462. 

On the Standard Errors in the Fitting of 
Polynomials to Unequally Spaced Obser- 
vations. P. G. Guest. 
Phys., June, 1953, p. 131. 


3rd Ser., June, 


Australian J 


AERONAUTICAL 


ENGINEERING REVIEW 


Meteorology 


La Corriente Atmosferica de Chorro. 
Walter Georgii. Revista Nacional de 
Aeronautica, Mar., 1953, p. 42. In Span- 
ish. Argentine investigations on air cur- 
rents in the jet-stream phenomenon. 

The Effect of Coalescence in Certain 
Collision Processes. Z. Alexander Mel- 
zak. Quart. Appl. Math., July, 1953, p. 
231. USAF-sponsored research at McGill 
Univ. 

Experimental Studies of the Motions of 
Slow Electrons in Air with Application to 
the Ionosphere. R. W. Crompton, L. G 
H. Huxley, and D. J. Sutton. Proc. Royal 
Soc. (London), Ser. A, July 23, 1953, p. 
507. Derivation of an empirical formula 
for the drift velocity, collisional frequency, 
electronic temperature, and mean energy 
loss per collision. 

A Generalized Study of Precipitation 
Forecasting. I--Computation of Pre- 
cipitation from the Fields of Moisture and 
Wind. J.C. Thompson and G. O. Collins. 
U.S. Weather Bur. Mo. Weather Rev., 
Apr., 1953, p. 91. 13 refs 

A Note on the Use of the Fabry-Perot 
Etalon for Upper Atmosphere Tempera- 
ture Measurements. E. B. Armstrong. 
J. Atmospheric & Terr 
1953, p. 274. 

Radar Echoes Associated with Light- 
ning. V. G. Miles. J. Atmospheric & 
Terrestrial Phys., June, 1953, p. 258. 

Sondage des Systémes Vibrants par 
Masses Additionnelles. G. De Vries 
La Recherche Aéronautique, Nov.-Dec., 
1952, p. 47. In French. A new method 
to calculate the generalized mass as part of 
a vibrant and linear system 


strial Phys., June, 


Missiles 


Essais sur des Maquettes Libres aux 
Vitesses Supersoniques. L. Viaud. La 
Recherche Aéronautique, May-June, 1952, 
p. 17. In French. Experimentation on 
remote-controlled free-flight models mov- 
ing at supersonic speeds, as part of general 
aerodynamic research on movements of 
spindle-shaped and hollow bodies; launch- 
ing, recovery of measuring devices, and 
other problems. 

Free-Flight Determinations of the Drag 
Coefficients of Spheres. Albert May and 
W.R. Witt, Jr. J. Aero Sci., Sept., 1958, 
p. 635. NOL Pressurized Ballistics Range 
investigations on steel and aluminum 
spheres '/; to */; in. in diameter, for the 
Engineering Research Inst., U. of Mich., 
in connection with upper-atmospheric re 
search. 

“The Regulus ’’ A Navy Guided Mis- 
sile. Beverly A. Dodge 
June-July, 1953, p. 4 
general characteristics 

Theoretical Pressure Distributions and 
Wave Drags for Conical Boattails. John 
R. Jack. U.S... NACA TN 2972, July, 
1953. 14 pp. Missile design aspects 

Thermal Stresses in Conical Shells. 
J. H. Huth. J. Aero S . Sept., 1953, p 
613. Analysis of conditions in the conical 
nose of a supersonic missile at zero angle 
of attack. 


Hydraulic Eng., 
Development and 


OCTOBER, 19583 


Navigation 


Chart Altitude as a Function of Hypso- 
metric Layer Tints. Erhardt A. Siebert 
and John E. Dornbach. Navigation, June, 
1953, p. 270 


Parachutes 


Dispositifs de Sécurité pour les Avions 
a Grande Vitesse. I-—Aérofreins et 
Parachute Antivrille. Part 1—Aérofreins. 
Part 2-— Parachute Antivrille. Alain 
Buret. II—Parachutes de Freinage a 
l’Atterrissage. Roger Béteille. Tech. et 
Sci. Aéronautiques, No. 1, 1953, pp. 12; 
29; 42. 26 refs. In French. Investiga- 
tion of high-speed safety equipment; de- 
termination of the quality and stability of 
an antispin parachute; analysis of the 
problem of parachute braking of aircraft 


Photography 


Photography of Arcs and Flames Emit- 
ting High-Intensity Light. W. S. Stubbs, 
G. R. Rothschild, and W. B. Moen 
Photographic Eng., No. 2, 1953, p. 95 
Application to welding research. 

Results of Very Short-Duration Expo- 
sures for Several Fast Photographic 
Emulsions. J. Castle and J. H. Webb 
Photographic Eng., No. 2, 1958, p. 51 

A Simple Accurate Photographic 
Method of Three-Dimensional Flight- 
Path Analysis. O. W. Loudenslager, R.S 
Ross, and F. J. Stimler. Photographic 
Eng., No. 2, 1953, p. 77. 


Physics 


The Linear Piezoelectric Equations of 
State. R. Bechmann. Brit. J. Appl 
Phys., July, 1953, p. 210. Elastic and 
electric quantities and constants, with 
their dimensions 

The Magnetic Fields Produced by 
Uniformly Magnetized Ellipsoids of Revo- 
lution. H. J. Peake and N. Davy. Brit 
J. Appl. Phys., July, 1953, p. 207 

Membrane Apparatus for Analogic 
Experiments. Paul J. Schneider and Ali 
B. Cambel. Rev. Sci. Instr., July, 1953, p 
513. Solving torsional and bending stress, 
steady-state heat conduction, and other 
boundary-value field problems by experi 
mental soap-film techniques. 

Systems of Units and Building up of 
Physical Concepts. Ragnar Liljeblad 
(Tekniska Skrifter, No. 150, 1953.) Acta 
Polytechnica (Stockholm), Phys. @ Appl 
Math. Ser., No. 5 (121), 1958. 15 pp. 
Evaluation of the Gauss CGS and the 
MKS systems; advantages and shortcom- 
ings. 


Power Plants 


Atomic 


The Atomic Hydrogen Rocket. D. J. H 
Wort. J. Brit. Interplanetary Soc., July, 
1953, p. 167. Possibilities of using mon 
atomic hydrogen, with a derivation of the 
characteristics of an ideal motor 
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Modified Silicone Finish Used On 


Vehicle Heaters For Its Superior | 


Heat And Salt Spray Resistance 


Heaters manufactured for use in Ord- 
nance vehicles by the Southwind Divi- 
sion of Stewart-Warner Corporation 
must withstand temperatures far higher 
than those involved in civilian applica- 
tions. In the process of selecting the 
best finish for these units, the relative 
heat and corrosion resistance of organic 
and modified silicone paints were 
severely tested. The photograph shows 
the results. 

“1 The heater 
i shell at left 
was sprayed 
with a modi- 
fied silicone 
paint which 
is formulated 
by Midland 
Industrial 
Finishes, and 
baked for 30 minutes at 400 F. A sim- 
ilar unit, at right, was sprayed with 
conventional olive drab (TT-E-485b), 
and baked for 45 minutes at 250 F. 
Panels in the foreground illustrate 
the appearance of both finishes be- 
fore testing. 


Both shells were held at 500 F for 4 


hours. The conventional finish was 
then exposed to salt spray for 100 
hours. The modified silicone finish 


was similarly exposed to a salt spray 
for 300 hours or three times as long. 
The organic finish was stained, faded, 
and badly disintegrated, while the sili- 
cone coating remained virtually un- 
changed. As a result, Stewart Warner 
specified the modified silicone finish 
for all such heaters. No. 11 


| 30 days. 


Silicone Switch Spacers Serviceable After 30 Months; 


Organic Spacers Lasted Less Than 1 Month 


Thirty days was the maximum service 
life obtainable with cotton-phenolic 
spacer disks and tubes used to insulate 
the knife switches on a 45,000 ampere 
graphitizing transformer. 

The organic insulators shown in the 
left insert were removed after less than 
Operating temperatures rang- 
ing from 400 to 500 F converted them 
to charred, cracked, shrunken conduc- 
tors. Constant shrinkage required daily 
tightening of switches; kept mainte- 


Silastic” Die-Tips Give Long Service In Hot-Stamping Plastic Ornaments 


Mass production of the multi-colored 
ornaments common to even the least 
expensive automobiles, is accomplished 
by hot-stamping pigmented foil to the 
molded plastic parts. 


A problem in developing the process 
was to find a resilient die-tip material. 
Mass production techniques required 
that the material should not stick to the 
foil at surface temperatures in the 
range of 500 F, and remain resilient 
after thousands of impressions at such 
elevated temperatures. After trying 
many materials, the problem was solved 
with Silastic by the Bay Manufacturing 
Division, Electric Auto-Lite Co. The 


T, PAT. OFF, 


FOR DATA RELATING TO THESE ARTICLES, CIRCLE REFERENCE NUMBER IN COUPON ON NEXT PAGE 


same Silastic tips have been in use for 
more than 3 years, and none of them 
has worn out, lost its flexibility or 
peeled from its metal backup plate. 


The heat stability and aBhesiveness 
characteristic of Silastic have proved to 
be equally useful in other similar appli- 
cations. Silastic-coated pressure plates, 
backing bars or press pads are used in 
printing or sealing plastic packaging 
materials. Silastic rings are used on 
banding machines to press gold leaf 
ribbon on cosmetic containers. Silastic- 
covered rolls are used in the hot or cold 
dip coating of fabrics, plastic film and 
metal sheeting or foil. No. 12 


nance costs up. Replacement meant 
loss of an entire day’s production. 

The silicone-glass spacer disks and 
tubes shown at right were examined 
during a routine shutdown after 11 
months’ service. They were in excel- 
lent condition and the switches had 
never required tightening. At that 
time the silicone-glass laminates had 
already repaid many times their origi- 
nal cost by increasing production, re- 
ducing maintenance costs and down 
time. 


Again, after 30 months of service these 
silicone-glass laminates were inspected 
and found to be in very good condition. 
Insulation value was still high and 
switch tightening had been virtually 
eliminated. 


Electrical insulating materials coated, 
impregnated or bonded with Dow Corn- 
ing silicone varnishes and resins give 
electrical engineers unprecedented free- 
dom in design; save copper; permit sub- 
stantial reduction in size and weight 
of electric machines. They give maxi- 
mum overload protection; provide maxi- 
mum life and reliability in spite of 
overloads, high ambients and humid 
or corrosive atmospheres; substantially 
eliminate fire hazard caused by failure 
of conventional insulation, (continued pg. 2) 
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NEW DEVELOPMENT 
AND TECHNICAL DATA 


For copies of any of the publications 
reviewed in this column or for data 
relating to any of the articles printed 
in this issue of the Dow Corning 
Silicone News, simply circle the 
corresponding reference number on 
the coupon below. 


“Tall Tales and Fabulous Facts” is a new 24- 
page booklet in which a parallel is drawn 
between the tall tales our ancestors told about 
such legendary characters as Paul Bunyan, Davy 


Crockett and Pecos Bill and some of the 

equally fabulous facts about Dow Corning 

silicone products. No. 15 


Use of bare magnet wire coated with new 
Dow Corning 1360 Wire Enamel permits oper- 
ation of small electric machines and electronic 
parts at 180 C. Flexibility, scrape hardness and 
dielectric strength compare favorably with those 
of the best organic wire enamels. Life expect- 
ancy at 180 C is in the range of 50,000 hours 
compared with 200 hours for wire insulated with 
conventional enamels. No. 16 

Pharmaceutical properties of Dow Corning 200 
Fluids are described in a recent reprint from the 
Journal of American Pharmaceutical Association. 
This article includes a study of compatibilities 
with acids, alcohols, waxes and commercial oint- 
ment bases. No. 17 

“Silicones Help Convair B-36 Fight Cold.” This 
reprint of an article from Aviation Week de- 
scribes and illustrates various nonrestricted 
applications for Silastic and other Dow Corning 
Silicones in one of the largest aircraft, operating 
at temperatures ranging from —100 to -+ 500 F. 
No. 18 

Current Aeronautical Material Specifications and 
SAE-ASTM Specifications for silicone rubber are 
outlined in a data sheet which also lists the 
Silastic stocks which meet these specifications. 
Handy reference for any design engineer work- 
ing on military projects. No. 19 


Now available, the new 1953-54 Reference 
Guide to Dow Corning Silicone Products sum- 
marizes properties and briefly describes applica- 
tions for commercially available silicones. In- 
dexed for easy reference. A ‘must’ in every 
designer’s catalog file. No. 20 

New Antifoam A Spray bomb instantly defoams 
many of the most violent and persistant foamers. 
Spray consists of Dow Corning Antifoam A 
combined with Freon propellent and is effective 
in concentrations as low as 0.1 to 1 ppm. Now 
available from laboratory supply houses. 


No. 21 
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Bearings Fitted To Compensate For Thermal Expansion 


Further Extend Service Life of Silicone Grease 


| slight thermoplasticity at 


In electric motors which may operate 
hot, the mechanical fit-up of the bear- 


ing assembly has a critical effect on 
the life expectancy of silicone grease. 


This was proved by the life-testing of 
various greases in the bearings of 
totally enclosed nonventilated induction 
motors operating at high temperatures. 
The relation between shaft-fit and life 
in hours is shown in Figure 1. 


KNIFE SWITCH SPACERS ntinued 

These advantages were inherent in the 
first silicone resins and varnishes in- 
troduced over ten years ago by Dow 
Corning Corporation. Since that time 
many improvements have been made 
and new silicone dielectrics are con- 
stantly being introduced by our re- 
search chemists and product engineers. 


For example, Dow Corning 2105 is a 
relatively new silicone product for 
making silicone-glass laminates that re- 
tain a dielectric strength of 180 volts 
per mil after 5000 hours at 250 C. 
That’s approximately 100 times the di- 
electric life of the best laminates previ- 
ously available. This new resin exhibits 
elevated 
temperatures, but not enough to limit 
its use in most applications where main- 
tenance of dielectric strength is of 
importance. 

The following table compares typical 
physical properties of silicone-glass 
laminates made from ESS 261, washed 
glass cloth, bonded with Dow Corning 
2103 Resin and Dow Corning 2105 
Resin. Operating conditions will deter- 
mine which type of laminate is most 
suitable for specific applications. No. 13 


Laminates of ESS 261 Washed 
Cloth Bonded with 
Typical Properties 2103 Resin 2105 Resin 
Thickness 8 %” 
Flexural Strength, psi 
at 77 F 26,500 24,500 
at 500 F 10,100 4,200 
at 500 F, after aging 
100 hr at 500 F 6.400 2.500 
Bond Strength, pounds 1,050 1,000 
Water Absorption’, percent 0.150 0.05 
Dielectric Strength, volts per mil 
1%” electrodes 250 
Dielectric Constant’ at 25 C 
at 10° cycles 3.62 
at 10° cycles 88 3.40 
Power Factor at 25 C 
at 10° eyeles 0.0250 
at 10° cycles 0.0036 
Are Resistance 280 


FIGURE 1 


SHAFT FIT IN 0.001 OF AN INCH 

In the TENV induction motors used to 
test bearing life at 150 C, these curves 
indicate that the life of Dow Corning 44 
lubricated bearings with a shaft-fit of 
0.2 mils loose is about 15 times the life 
of identical bearings with a shaft-fit 
of 0.2 mils tight. 


These data show the importance of 
mechanical fit-up. A tight shaft-fit, for 
example, may take up most of the 
radial clearance in the bearing. Where 
the inner race operates at a higher 
temperature than the outer race, 
unequal thermal expansion may put the 
balls under compression. Any combi- 
nation of mechanical fits which produces 
radial clearances inadequate at oper- 
ating temperatures, or poor bearing 
alignment, will subject the grease to 
extreme pressures and result in unsatis- 
factory bearing life. 


The test data also showed that an end 
play of at least nine thousandths of an 
inch was effective in extending the 
service life of silicone grease lubricated 
bearings. 

The subject of Design Considerations 
for Optimum Performance of Silicone 
Greases in Ball Bearings is more fully 
developed in a paper read before the 
ASLE. No. 14 
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Silicone Fluids 
Cleveland Silicone Abhesives 
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DOW CORNING Detroit Silicone Seammommie 
MIDLAND, MICHIGAN Silicone Greases 
CORPORATION Silicone Water Repellents 
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AERONAUTICAL REVIEWS 121 


Jet,& Turbine 


Analyse des Etudes Thermodynamiques | 
de M. Le Colonel O. Duperron. I— | 


| Turboréacteur 4 Grand Rendement. II 
Turbomoteur 4 Grand Rendement. III 

} } Hélicoplane 4 Réaction. J. Jarry. Tech. 
et Sci. Aéronautique, No. 6, 1952, pp. 348; 
| 351; 355; 360. In French. Analysis of O. 


Duperron’s thermodynamic studies on 
| high-efficiency turbojet engines, general- 
ized turbomachines, and turbojet heli- 

copters. 

Etat Actuel du Développement des 
Turbines 4 Gaz de l’Aviation. K. von 
Gersdorff. Tech. et Sci. Aéronautiques, 
No. 5, 1952, p. 304. In French. Analysis 
of world development of turbojets and 
turboprops, including charts and tables. 

} A Simplified Combustion Analysis Sys- 
tem. R. K. Neumann, D. Dembrow, 
W. G. Berl, and R. Prescott. J. ARS, 

July-Aug., 1953, p. 244. An analytical 
scheme and apparatus to determine local 
composition of the working fluid in a jet 
engine. 

Some NACA Research on Centrifugal 
Compressors. I. A. Johnsen and Ambrose 


Ginsburg. Trans. ASME, July, 1953, p. 
805; Discussion, p. 815. 25 refs. Results | BOWSER ENGINEERED —_— YOU FF 


of theoretical and experimental investiga 
tions on impellers, diffusers, and other 
aspects; application to gas-turbine engines. Frosting of windows is no problem in a Bowser Low 
The Napier Nomad NNm 6 Compound Temperature Test Chamber. Special Nesa glass, 
Diesel Engine. Brit. Aircraft Ind. Bul., with its electrically conductive surface, insures clear 
July, 1953, p. 19. Design features and vision of items under test. This is just one of the 


characteristics. many “extras' that Bowser has engineered into its 
The Turboprop Steps Out. Kenneth 


Koyen. Bee-Hive, Summer, 1953, p. 22. test chambers . +. another papper why—for all — 
Relative advantages; future possibilities. needs m environmental test equipment—your best 
The Viper; Armstrong Siddeley Viper bet is Bowser, the nee = 
| ASV. 3. Flight, Aug. 7, 1953, p. 170, cut- Performance characteristics of this Bowser chamber 
away drawing. (Also in The Aeroplane, include: 


July 31, 1953, p. 139.) Description of e Temperature range from —100°F to 185°F. 


compressor, turbine stages, and fuel and 
Altitude simulation up to 85,000 feet. 
Air Admixture to Exhaust Jets. KE @ Evacuation rate of 5000 F.P.M. 
With outside dimensions of 13‘ 2" wide x 11' 2" high 
x 16° 6" long, this standard model chamber has an 
pp lranslation. Theoretical investiga- ki £10' x 10' x 8" high. D 
tion of the problem of thrust augmentation interior area x Voor is 
by air admixture to exhausts in special 5 wide x 8 high, its window 30" x 30", and wall 
shrouds applied to turbojet, rocket, and window 36" x 36”. 
pulse-jet engines. 
Développement de la Rechauffe pour le 


Turboréacteur Nene Hispano Suiza. | 
} Jacques Blanc. Tech. et Sci. Aéronau- | 
tiques, No. 5, 1952, p. 320. In French. 
Development of the Nene Hispano Suiza | 
lurbojet heat regenerator for thrust aug- 


NESA GLASS 


Nesa Coated Glass used in Bowser Low 
Temperature Chambers has an electric- 
ally conductive surface that can be 
heated . . . preventing icing, frosting or 
fogging of observation windows. 


mentation; principles applied to turbo- 
machines generally. 

Etude de Rendement d’un Etage de 
Turbine. Faury. Tech. et Sci. Aéro- 
nautiques, No. 5, 1952, p. 293. In French. | 
Analytic study of the efficiency of a turbine 
stage, and the influence of rotating-speed 

Investigation of Effects of Grain Size 
upon Engine Life of Cast AMS 5385 Gas 
Turbine Blades. C. A. Hoffman and C. A. 
Gyorgak. U.S.. NACA RM E53D06, 
| July 6, 1953, 21 pp. 

Note sur la Propulsion aux Vitesses 
Supersoniques. De Valroger. Tech. et 
Sct. Aéronautiques, No. 6, 1952, p. 344. 
In French. Calculation of jet propulsion 
ind maximum thrust problems at super- 
sonic speeds. 
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GYROS 


( Giannini 


AERONAUTICAL ENGINEERING REVIEW- 


A new “Universal Series” Gyro is avail- 
able in Free, Directional and Vertical 
types; as well as in composite Gyro sets 
comprising a combination of two units for 
sensitivity in three planes. M This series 
offers fast, remote caging that positively 
locks the gimbals in their normal erected 
position; remote uncaging; torque- 
motor erection; and unrestricted 360° 
rotation of both gimbals. Flexibility of 
design permits a choice of ac or pc rotors 
and synchro or potentiometer outputs. 
Reduced drift rate, greater life expect- 
ancy, and improved resistance to en- 
vironmental shock, acceleration and 
vibration are incorporated in an instru- 
ment that is half the size of its prede- 
cessor.:.Size—Single Unit, 4” dia. x 5” 
long; Gyro set, 4” dia; x 8” long. Write 
for complete engineering information. 


GYRO SET 


RATE GYRO 


DIRECTIONAL GYRO 


G. M. GIANNINI & CO., INC. ¢ PASADENA 15, CALIF. * EAST ORANGE, NEW JERSEY 


OCTOBER, 1953 


Optimum Exit-Nozzle Performance for 
Jet Engines; A Discussion of Develop- 
ment Experience and Design Problems 
Associated with Several Types of Variable- 
Area Exit Nozzles. Richard G. Lauche 
and John S. Winter. Aero. Eng. Rev., 
Sept., 1953, p. 41. 

The Repair and Overhaul of Gas Tur- 
bines; Some Notes on the Organization 
and Facilities Used in the Maintenance of 
Jet Engines. S. M. Saeed. Aircraft Eng., 
July, 1953, p. 200. 


Ram-Jet & Pulse-Jet 


Combustor Performance with Instan- 
taneous Mixing. W.H. Avery and R. W 
Hart. Ind. © Eng. Chem., Aug., 1953, p 
1634. Analysis of ram-jet combustion 
problems indicating the relative impor 
tance of mixing and chemical kinetics and 
reaction rates 

High Temperature Combustion Cham- 
ber. Alexander Weir, Jr. Ind. © Eng 
Chem., Aug., 1953, p. 1637. 17 refs 
Spectroscopic ram-jet combustion studies 
on high flame intensities obtainable with 
a ceramic combustion chamber; potenti 
alities in propulsive devices. 


Reciprocating 


L’Apport des Moteurs 4 Pistons dans 
l’Evolution de la Technique des Machines 
Thermopropulsives d’Aviation. Introduc- 
tion. R. Marchal. I—Bases Théoriques 
de l’Etude du Groupe Motopropulseur 
S.N.E.C.M.A. 14X. P. Servanty. II 
Les Vibrations dans les Moteurs d’Avion 
a Pistons. Vieyra. Tech. et Sci. Aéro 
nautiques, No. 2, 1953, pp. 67; 69, 77. In 
French. Analysis of the aeronautical con 
tribution of piston engines in the evolution 
of heat propulsion machines; theoretical 
bases to study the SNECMA 14X power 
plant group; vibration and torsion prob 
lems, with a related experimental study 
of dynamic propeller behavior. 

Tetraethyl Radiolead Studies of Com- 
bustion Chamber Deposit Formation. 
H. P. Landerl and B. M. Sturgis. Jnd. & 
Eng. Chem., Aug., 1958, p. 1744 


Rocket 


Maximum Evaporation Rates for Non- 
isothermal Droplets. F. W. Hartwig. / 
ARS, July-Aug., 1953, p. 242 Crt 
rocket engine combustion studies 

A Modified Sodium-Line Reversal 
Technique for the Measurement of Com- 
bustion Temperatures in Rocket Engines. 
M. F. Heidmann and R. J. Priem. J 
ARS, July-Aug., 1953, p. 248. NACA re 
search 

Répresentation Graphique des Divers 
Paramétres Utilisés dans |’Etude d’un 
Moteur-Fusée. Barrére. La Recherche 
Aéronautique, Jan.-Feb., 1952, p. 29. In 
French. Graphic representations of param 
eters utilized in the experimental study 
of rocket-engine problems; approximate 
calculation of the essential performance 
characteristics of the Propergol-propellent 
system 

Theory of Steady Flow with Mass Addi- 
tion Applied to Solid Propellant Rocket 
Motors. E. W. Price. J. ARS, July-Aug., 


1953, p. 237. 
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Here are two of our basic 
electric steel furnaces. 


NATIONAL FORGE 7A/C STEEL 


... is used exclusively in all of our forgings. This is to 
your distinct advantage when you have your forgings 
National-forged. 

Electric Steel can be held to close chemical analysis; 
it is cleaner; it has lower sulphur and phosphorous 
content and is more uniform from heat to heat. 


These qualities of our steel have enabled us to pro- 


duce forgings for the armed forces that consistently 
meet their most exacting specifications. 


Your forgings will receive the same meticulous care 
throughout. So why not have them National-forged 
next time? We offer our facilities and experience for 
your service; just write NATIONAL FORGE AND 
ORDNANCE CO., Irvine, Warren County, Penna. 


IRVINE. @ 


NATIONAL FORGE AND ORDNANCE COMPARY ; 


IRVINE, WARREN COUNTY, PENNSYLVANIA 
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precision products 


5625 West Century"S meeles 45, California 
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Production 


Prototype to Production; Reducing to a 
Minimum the Transitional Period in the 
Manufacture of a New Type of Aircraft. 
H. W. Hollyhock. Aircraft Prod., Aug., 
1953, p. 309. Design criteria and produc 
tion stages. 

Tooling Costs Can Be Lowered. R.A 
Peterson. SAE J., Aug., 1953, p. 42 
Abridged. 

Turbine Starter; Gravity Die-Cast Ver- 
sion of the Rotax Two-Shot Breech. 477 
craft Prod., Aug., 1953, p. 302. 


Metalworking 


Deep-Hole Boring. I—Current Boring 
Practice; Developments in Germany; 
Trepan-Boring at the Martin-Baker Air- 
craft Co., Ltd., H. J. Pearson. Aircraft 
Prod., Aug., 1953, p. 276. 

Electric Heat-Treatment Installations. 
F. Treichler. Brown Boveri Rev., Nov 
Dec., 1952, p. 442. Equipment and vari 
ous methods of heat treating high-speed 
and other steels. 

Quelques Réalisations d’Assemblages 
par Collage. Louise Doussin. La Re 
cherche Aéronautique, May-June, 1952, p 
15. In French. ONERA techniques for 
bonding metal to metal and wood to metal 
applications to the construction of models 
and miniature machines. 


A Practical Approach to Casting Design. 
Robert J. Franek. Prod. Eng., July, 1958, 
p. 192. Use of experimental stress analysis 
and scale models to improve critical stee! 
castings 

Tolerances and Specifications of Malle- 
able Castings. James H. Lansing. J/eci 
Eng., Aug., 1953, p. 621. 

Workpiece and Surface Temperatures 
in Milling. A. O. Schmidt. Tran: 
ASME, July, 1953, p. 888; Discussion, p 
SSO 

Aircraft Forming Gets a Lift. Donna 
M. Ohm. SAE J., Aug., 1953, p. 80 
Abridged Investigation on new tools, 
materials, and techniques. 

Hydroforming ; High-Pressure Flexible- 
Die Process; Economical Tooling and 
Fewer Stages in Drawing Operations. 
Aircraft Prod., Aug., 1958, p. 287 

Press-Extruded Forgings. L. M. Chris 
tensen. Mach. Des., July, 1953, p. 124 
Design possibilities; cost and other fac 
tors; Northrop Aircraft Co.’s experience 

Spar-Boom Bending; New Machine for 
Controlled Hot or Cold Forming of Large 
Extruded Sections. Aircraft Prod., Aug., 
1953, p. 294 Design, function, and 
operation of Lockheed-developed ma 
chine, 

Cone Arc Welding. P. Patriarca and 
G.M. Slaughter. Welding J., July, 1953, 
p. 597. An inert-gas-shielded semiauto 
matic process applied to tube-to-header 
type miniature heat exchanger and other 
uses. 

Le Controle de Soudage par Points; 
Comment Augmenter son Efficacité. L 
Pelletier and P. Lanusse. La Recherche 
Aéronautique, May-June, 1952, p. 39. In 
French. Design of new apparatus to con 
trol spot-welding of light alloys by record 
ing pressure and intensity cycles; applica 
tion possibilities. 
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... your problem? 


Long experience in the development of precision instruments 
enables Ketay to manufacture Synchros, Servos and Resolvers 
to meet the cycling humidity requirements of MIL-E-5272 


As a leader in the use of corrosion resistant materials 
in Synchros, Servos, Resolvers, Control Equipment and 
related instruments, Ketay has enormously broadened 
their usefulness for both the government and industry. 


Ketay has built an outstanding record as originators 
of units to meet individual specifications. Ketay engineers 
will be glad to discuss your requirements. 


= 
etay 
MANUFACTURING CORPORATION 
Executive Offices 


555 Broadway & 
New York 12, N. Y. 


West Coast Sales 
12833 Simms Avenue 
Hawthorne, California 


Kinetix Instrument Division « Marine Division e Pacific Division e New York Division e Research & Development Division 


is CORROSION RESISTANCE 


CORROSION RESISTANT UNITS 


Ketay offers a complete line of Corrosion 
Resistant Instruments, four of which are pic- 
tured above. From left to right they are: 


@ Synchro, Size 23, Frame O.D. 2.250”, 

26 V and 115 V 400 & 60 Cycles. (Trans- 
mitter, Receiver, Resolver, Differential, 
Control Transformer) Also available in same 
frame size: Servo Motor—115 V 60 Cycles. 
@ Synchro, Size 15, Frame O.D. 1.437”, 

26 V and 115 V 400 Cycles. (Transmitter, 
Receiver, Resolver, Differential, Control 
Transformer) Also available in same frame 
size: Servo Motor Mk 7—115 V 400 Cycles. 
@ Synchro, Size 11, Frame O.D. 1.062”, 

26 V and 115 V 400 Cycles. (Transmitter, 
Receiver, Resolver, Differential, Control 
Transformer) Also available in same frame 
size: Servo Motor Mk 14—115 V 400 Cycles. 
@ Synchro, Size 10, Frame O.D. .937”, 

26 V 400 Cycles. (Transmitter, Receiver, 
Resolver, Differential, Control Transformer) 
Also available in same frame size: Servo 
Motor—26 V 400 Cycles. 


Send for illustrated Catalog today! 
DESIGN 


DEVELOPMENT 


MANUFACTURE 
precision instruments 
components, systems. 
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Rockbestos says: 
“thanks for 


KULGRID 


s Propucts CORPO! 
= 


= 
ONNECTICUT 


august 18, 199 


les Manager 
General S@ 

stchard, Divisi0° 

p pritc 


Mr. Phili ¢ Products Inc. 


i tri 
Elec 
parts Division 


Avenue 
Pennsylvania 


+er for 
coat write you this letter 
he 
en meaning to W 
up till now I just h 
uite some 
opportunity 


primarily, 


for 
would like to say “thanks fo 


sng Kulgrid 
we have been 
in the t 
pe for aircraft engines 
compone 
onliey ranges for the Navy 


well aware, 


which nad 

ing for was 
were looking tand high temp 

was able to the answer with 

oe and have used it ever aca 

rateful for ¥ 

are extremely 4 roble 

the hurdles on products will 

helping us ¢ sa Kulgrid and Roc ears to come. 

association for many ¥ 


a very happ 
nave very truly yours, 


RATION 
ROCKBESTOS PRODUCTS CORPORA 
0. Anderson 


jaent in Charge °° 


vice Pres 


Rockbestos Products Corporation is another important modern 
manufacturer that appreciates the fine performance and durability of 
KULGRID . . . Sylvania’s nickel-clad copper wire. 


Kulgrid’s tough nickel coating resists corrosion and 
guards the copper core from deterioration, while assuring 
excellent electrical conductivity. You'll find Kulgrid 
ideal for high-temperature wiring in electric furnaces, 
stoves, industrial ovens, and many aircraft applications 
Available in single or stranded forms. New illustrated 
booklet gives full details. For your file copy, address: 
Sylvania Electric Products Inc., Dept. 3A-5910, 

1740 Broadway, New York 19, N. Y. 


SYLVANIA 


UGHTING RADIO ELECTRONICS TELEVISION 


In Canada: Sylvania Electric (Canada) Ltd., University Tower Bldg., St. Catherine St., Montreal, P. Q. 
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Current Welding Research Problems. 
Welding Research Council of the Engineer 
ing Foundation. Welding J. Res. Suppl., 
July, 1953, p. 305-s. Compilation of 
physical, chemical, metallurgical, mechani 
cal, structural, and other problems, with 
emphasis on properties, design require 
ments, and testing. 

Factors in the Selection of Welding 
Processes. John J. Chyle. Welding J., 
July, 1953, p. 585. Evaluation of key 
selection factors; engineering design and 
cost aspects 

Inspection Techniques for Quality 
Welding. Lew Gilbert and Wm. B. Bunn 
Welding J., July, 1953, p. 614. Visual, 
radiographic, magnaflux, dye-colored pene 
trant, and ultrasonic testing methods 

Recrystallization Welding. John M 
Parks. The Frontier, June, 1953, p. 9 
Analysis of the mechanism of bonding and 
condition requirements for welding of 
several common metals. 

Resistance Welding Applications in 
Aircraft Stainless Steels. D. O. Samuel 
son. Welding J., July, 1953, p. 603. For 
airframe and engine components; equip 
ment controls and procedures. 


Production Engineering 


Aim of Production Control Fast Crisis 
Detection. Roy L. Anderson. SAE J,, 
Aug., 1953, p. 69. Abridged 

Les Fiches de Caractéristiques des 
Machines-Outils. Marcel Thomas. Tech 
et Sct. Aéronautiques, No. 6, 1952, p. 382 
In French. Machine-tool-characteristics 
memoranda for efficient control of special 
ized equipment, as used in the French air 
craft industry. 

How to Attain Results with Quality 
Control. W. F. Stryker. SAE J., July 
1958, p. 37. Report of panel discussion 
held as part of the Aircraft Production 
Forum at the SAE National Aeronautic 
Meeting, Los Angeles, Oct. 1, 1952. 

Incentive Standards; Reduce Costs in 
Metal-finishing Operations. Anthony I 
Cuoco and Alexander S. Hylicke. 700 
Engr., Aug., 1953, p. 68. Bendix Aviation 
Corp. experience. 

Processes and Costs; How Quantity, 
Process and Tolerance Influence Basic 
Costs. Roger W. Bolz. Mach. Ds 
July, 1953, p. 112. 


Propellers 


Propeller-Performance Charts for Trans- 
port Airplanes. Jean Gilman, Jr. Ul’. 
NACA TN 2966, July, 1953. 70 pp. 


Reference Works 


Directory of Sources of Supply Cav 
Av., July, 1953, p. 79. Alphabetical list 
ings of products and firms. 


Rotating Wing Aircraft 


Position of the Convertible Aircraft in 
Army Aviation. William B. Bunker. A” 
Helicopter, May, 1953, p. 11 


Survey of 


requirements, advantages, and  disad 
vantages 

Present Use and Future Development 
of the Helicopter. Fred M. Glass, Moder 
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Why leading jet engine makers call on 
American for complete flexible assemblies 


There are a half-dozen good reasons 
why they do.. 


\ . and why it would 
be to your advantage to do the 
same. 

When you call on American, you 
get the benefit of over 40 years of 
experience in engineering and man- 
ufacturing flexible metal hose and 
tubing. 

You receive practical help—from 
capable engineers and designers— 
in the development of connectors 
that must move, flex or absorb vi- 
bration under the high temperature 
and pressure conditions—and weight 
limitations—found in jet service. 


You can be certain your require- 
ments and Government specifica- 
tions will be met exactly. American 
has been meeting both for a good 
many years. 

You can count on American Flex- 
ible Stainless Steel Assemblies—used 
to carry fuel, oil, hot and cold air, 
or as vent and drain lines—to stay 
tight and flexible . 
the severest vibration. 

You can get the complete assem- 
bly. American manufactures flexible 
metal tubing and fittings in a wide 
range of types and alloys. 

You will find an experienced sales 


under even 


ALSO-Ignition Shielding Conduit Assemblies, Shielding Conduit to Military Specifica- 
tions, Flexible Metal Air Ducts, Exhaust Lines, Parachute Rip Cord Housings. 


engineer in your area ready to dis- 
cuss your flexible connector or 
shielding conduit problem with you. 
For easier production and better 
performance, send your connector 
details to: The American Brass 
Company, American Metal Hose 
Branch, Waterbury 20, Conn. In 
Canada: The Canadian Fairbanks- 
Morse Co., Ltd. 53219 


ER 
MUST MOVE 


flexible metal hose and tubing 
An ANACONDA? Product 
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New ISC vetociry 


— AIR LINE MUFFLER 
WHIPS JET COCKPIT WHINE 


The shrill whine of cockpit air conditioning equipment is a threat 
to pilot comfort and ease of communications. Now, ISC has solved 
this annoying problem with a midget, lightweight muffler which 
fits easily into any existing aircraft air conditioning system. 
Giving up to 20 decibels broad band attenuation, the ISC High 
Velocity Air Line Muffler measures only 5” square by 10” long 
and weighs only 3!/2 pounds. 

Constructed of steel-lined aluminum, it is rugged as well as 
compact. It will operate at temperatures of 500° F and above. 
Incorporating the Soundstream principle, the muffler produces 
amazing noise reduction with only a minimum pressure drop. 
The High Velocity Air Line Muffler is another ISC FIRST in the 
field of aviation sound control. Why not bring YOUR noise prob- 
lem to ISC now! 


For further details on the ISC High Velocity Air Line Muffler. 


ENGINEERING DEPT. 

INDUSTRIAL SOUND CONTROL, INC. 
45 GRANBY STREET. 

HARTFORD, CONN. 


ontrol Ine. 


45 Granby Street, Hartford 12, Conn. 


2119 SO. SEPULVEDA BLVD., LOS ANGELES, CALIF. 
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ator, and others. Skyways, Sept., 1953, p 
21. Flight Operations Round Table dis 
cussion. 

Stabilité au Sol des Hélicoptéres Tri- 
pales. Jean Gilly and Yves Normand 
Tech. et Sci. Aéronautiques, No. 6, 1952, 
p. 363. In French. Qualitative analysis 
of three-blade helicopter ground-clearance 
stability, taking into account the use of 
shock absorbers 


Space Travel 


The Food and Atmosphere Problem in 
Space Vessels. II—The Use of Algae for 
Food and Atmosphere Control. Norman 
J. Bowman. J. Brit. Interplanetary Soc., 
July, 1953, p. 159. 

Landing on Airless Planets. R. A 
Smith. J. Brit. Interplanetary Soc., July 
1953, p. 149. General survey of problems 

Planetary Engineering, E. F. Hope 
Jones. J. Brit. Interplanetary Soc., July, 
1953, p. 155. Analysis of problems re 
lated to the possibility of changing the 
orbits, periods of rotation, of the axes of 
planets. 

Take-Off from Satellite Orbit. H. S 
Tsien. J. ARS, July-Aug., 1953, p. 233 


Structures 


Aircraft Structural Research—-A Critical 
Survey. D. Williams. Appl. Mech. Rev., 
Aug., 1953, p. 353. 23 refs. Experimental 
and theoretical methods and problems. 

Design of Low Frequency Fatigue Test- 
ing Machines. C. V. Joga Rao and L. S 
Sreenath. J. Indian Inst. Sci., Sect. B, 
Apr., 1953, p. 87.. An improvement on the 
GALCIT hydraulic type, for tension and 
compression. 

Design of Thin Cantilever Beams. 
J. H. Baltrukonis. Mach. Des., July, 
1953, p. 178. Criteria provided by the 
elementary beam and large deflection 
theories; comparison of the theories. 

On the Development of Plastic Hinges 
in Rigid-Plastic Beams. M. G. Salvadori 
and F. Dimaggio. Quart. Appl. Math., 
July, 1958, p. 223. 

On a Property of Linear Ordinary Dif- 
ferential Equation, which Relates to ‘‘End 
Effect’? in Theory of Curved Shells. 
Fumiki Kito. J. Japan Soc. Appl. Mech., 
Dec., 1952—Feb., 1953, p. 165. 

Some Notes on Plane Frames Not Obey- 
ing Hooke’s Law. J. W. H. King. The 
Engr., July 3, 1958, p. 4. Analysis of the 
behavior of structures not in accordance 
with Hooke’s plastic yield law, illustrated 
by the case of a cantilever girder with 
members following the same nonlinear 
stress-strain curve. 

Stress Analysis of an Infinite Strip with 
an Elliptic Hole. Makoto Ishida. J 
Japan Soc. Appl. Mech., Dec., 1952-Feb., 
1953, p. 181. In Japanese. Method of 
solving elasticity problems by means of 
Cartesian coordinates; applications to ten 
sion and bending problems; an analytic 
proposal to deal with stresses of perforated 
strips in many unknown cases. 

Torsion of Anisotropic Elastic Cylinders 
by Forces Applied on the Lateral Surface. 
Harold Luxenberg. (U.S., NBS Res 
Paper 2417.) U.S., NBS J. Res., May, 
1953, p. 268. 12 refs. Extension of the 
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These highly specialized aircraft motors are engi- 
neered for the particular duties established in 
components where locally applied positive ' 
action power is necessary. U.S. Motors is Features: 
‘as 
one of the pioneers of high frequency 
induction type aircraft motors and 3-PHASE, HIGH FREQUENCY 
has accrued experience in research, 1/20 TO 16 H.P. 400 CYCLES 
testing and applications _ UP TO 23,000 RPM 
in INTERMITTENT & CONTINUOUS DUTY 
DIRECT OR GEARED SPEEDS 
NO RADIO INTERFERENCE 
HIGH TEMPERATURE INSULATION 
TESTING TO 80,000 FEET ALTITUDE 
PREPACKED BEARINGS 
MOST COMPACT DESIGNS 
EACH DESIGN SPECIALLY ENGINEERED 
CONFORM TO OFFICIAL SPECIFICATIONS 
“AN” CONNECTORS OR SPECIAL LEADS 


AER-10 
Aircraft Division, U. S. Electrical Motors Inc. 
Box 2058, Los Angeles 54, Calif. or Milford, Conn. 
Send U.S. Aircraft Motors Booklet 


OEMART MENT OF TECHNC 
COMPARWIE FA) 


MAIL COUPON FOR BOOKLET> 


UD U.S. ELECTRICAL MOTORS Inc. 


Aircraft Division 
los Angeles 54, Calif. (Box 2085) or Milford, Conn. = 


ADDRESS 
CITY. ZONE STATE 
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Leadership Demands Constant Achievement 


With World Airlines... 


Its Super Constellation 4ttol 


ORDERED BY 4 TIMES AS MANY AIRLINES AS NEAREST U.S. TYPE 
.. TWICE AS MANY AS FOREIGN JET TYPES 


18 AIRLINES, serving every continent in the world, have already ordered Lockheed Super Constellations: 


AIR FRANCE... AIR INDIA... AVI- 
ANCA OF COLOMBIA... BRAATHENS 
OF NORWAY ... EASTERN AIR LINES 
... IBERIA OF SPAIN... KLM ROYAL 
DUTCH AIRLINES ... LAV VENE- 
ZUELA ... MEXICO... NORTHWEST 
ORIENT AIRLINES ... PAKISTAN IN- 
TERNATIONAL ... QANTAS OF 
AUSTRALIA ... SEABOARD & WEST- 
ERN ... THAI AIRWAYS ... TRANS- 
CANADA...TWA-TRANS WORLD 


INSIST ON SUPER CONSTELLATION! 


AIRLINES... VARIG OF BRAZIL... 
WEST GERMANY. 

NEW SPEED—//ours quicker to des- 
tination. On time departures, and 
on time arrivals! 

NEW RANGE—Non-stop range on 
longer routes than ever before. 
Plenty of margin to go around 
and over weather. 

NEW POWER—13,000 horsepower! 


Latest type turbo-compound 
Wright engines. Power to spare 
means better performance, better 
dependability. 

NEW COMFORT—5 separate cabins 
to roam through. Interior design 
by Henry Dreyfuss for people who 
enjoy travel. 

NEW LUXURY—Spacious lounge and 
glamorous decor unlike any other 
airplane in the world. 


It Costs NO MORE TO FLY THE BEsT! 


Lockheed Super Constellation 


LOCKHEED AIRCRAFT CORP., BURBANK. CALIF..AND MARIETTA, GEORGIA 


Look to Lockheed for Leadership 
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Lockheed 


Super Constellation 
Sales Lead 


Super Constellation sales for the first 
half of 1953 gave Lockheed a midyear 
backlog of nearly $150,000.000 in com- 
mercial aircraft—a new record. As a 
result, more Super Constellations are 
on order and more dollar backlog con- 
firmed than for any other commercial 
transport of this type in the world. 


Lockheed’s transport production 
line is now at a higher peak of activity 
than at any time in Constellation his- 
tory, and on the basis of hard cash 
on the counter the Super Constellation 
has proved itself the most popular 
single transport in the world today. 


All Orders Are on Schedule 


Lockheed production this year will ap- 
proximate $765.000,000 in commercial 
and military planes—topping the rec- 
ord for the entire industry for any pre- 
war year. In spite of this tremendous 
output of 12 different types of aircraft. 
every single production order is on 
schedule both in California and at the 
Marietta. Georgia. plant. 


Lockheed News Briefs 


\ newly formed group of Lockheed 
engineering scientists will devote full 
time to the study of aviation trends 
10 to 25 years from now. 


The Navy’s big Lockheed P2V pa- 
trol plane will now have a tremendous 
extra burst of speed for quick getaway 
in enemy waters. When used for anti- 
submarine warfare, 2 jet engines will 
be slung under the wings in quick- 
detachable pods. giving added thrust 
to its twin turbo-compound engines. 
Now experimental. but being consid- 
ered for wide-scale use on the versatile 
P2V Neptune. 

Military interest is high in the re- 
cent operations of turbo-compound Su- 
per Constellations as early-warning 


picket planes for the U. S. Air Force 
as well as the Navy. U.S.A.F. designa- 
tion is RC-121C. Navy is WV-2. Each 


carries 6 tons of latest electronics 
equipment, accommodates a crew of 
31. Gives the U. S. high-flying radar 
stations that will extend our warning 
system far beyond the horizon limits 
of surface radar. 


A new Lockheed-developed leak- 
proof fuel-line coupling is now being 
installed in Lockheed jet aircraft. Pro- 
vides greater safety against leakage. is 
only 20% the weight of former types. 

Lockheed engineers have produced 
a new automatic ejection seat making 
possible a more fully guided catapult 
stroke and saving space by compacting 
the seat and its accessory equipment. 


Lockheed has produced and de- 
livered its 25.000th airplane. 


AERONAUTICAL 


Saint-Venant stress theory to include a 
more generally anisotropic beam, with 
only a single plane of elastic symmetry 
rather than three mutually orthogonal 
planes, for the case of a cylinder built in at 
one end and twisted by forces uniformly 
distributed along the lateral surface. 


Plates 


Contribution au Calcul Pratique des 
Facteurs de Concentration des Con- 
traintes. Hottenrott. La Recherche 
Aéronautique, May-June, 1952, p. 51. In 
French. Contribution to the calculation 
of concentrations of stress-strain factors 
for an infinitely-notched plate and an 
infinitely deep notch of a hyperbolic sec- 
tion. 

Deformations and Stresses in Sym- 
metrically Loaded Circular Plates of Vary- 
ing Thickness. D.C. Boston. J. RAeS, 
July, 1958, p. 449. Application of a 
method used to solve rotating-dise prob- 
lems to the analysis of deflections of a 
circular plate treated as a series of con- 
centric uniform thickness annuli, taking 
into account pressure, shear, and applied 
couples loading systems. 

The Plastic Instability of Plates. H. G. 
Hopkins. Quart. Appl. Math., July, 1953, 
p. 185. Experimental analysis of a plastic 
flow theory for the case of a rectangular 
plate under uniform edge direct stresses 


Thermodynamics 


Le Diagramme Log 7, S de l’Hélium. 
W. H. Keesom, A. Bijl, and L. A. J. 
Monté. Appl. Sci. Res., Sect. A., No. 1, 
1953, p. 25. 34 refs. In French. Calcu- 
lation of the thermodynamic properties of 
helium in the diagrammatic 
O0S/d log T = 1/log e-c 

Nonequilibrium 
Newman A. Hall. J. 
1953, p. 819. Investigation of thermo- 
static isolation and of the limitation and 
structure of entropy production. 

Ratio of Convection to Conduction Loss 
from a Hot Wire Stretched Along the Axis 
of a Vertical Cylindrical Tube. J. A. V. 
Fairbrother. Brit. J. Appl. Phys., July, 
1953, p. 204. 

Thermodynamic Properties and Melting 
of Solid Helium. J. S. Dugdale and F. E. 
Simon. Proc. Royal Soc. (London), Ser. 

1, July 7, 1953, p. 291. 27 refs. Claren- 
don Lab. studies of behavior at tempera- 
tures from 4° to 26°K and at pressures up 
to 3000 atm. 


relation 


Thermodynamics. 
Appl. Phys., July, 


Thermodynamical Functions of Propene 
at Temperatures Between 25°C and 
150°C and at Pressures up to 2500 Atm. 
A. Michels, T. Wassenaar, P. Louwerse, 
R. J. Lunbeck, and G. J. Wolkers. Appl. 
Sci. Res., Sect. A, No. 1, 1953, p. 34 


Combustion 


Flame Stability in Bluff Body Recircula- 
tion Zones. John P. Longwell, Edward E. 
Frost, and Malcolm A. Weiss. Ind. & 
Eng. Chem., Aug., 1953, p. 1629. 

High Temperature Combustion; a New 
Type of Mollier-chart for High Tempera- 
ture Gas Mixtures at Equilibrium. H. 
Reichert. Aircraft Eng., July, 1953, p. 
198. 
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AVILA 
LIGHTWEIGHT 


STAINLESS STEEL 
HOSE ASSEMBLIES 


for 


VITAL 


FIRE EXTINGUISHING 
SYSTEMS 


. .. High normal or eme 
ature conditions present § 
AVICA Fire Extinguishing? 
mechanically applied, 
fittings. 
... AVICA developments Higve tesulted 
in hose assemblies which: retain 

fluids and gases under ure for 
long periods while subioBet intense 
heat or fire. 
... Tests have proved: ‘bility to 
withstand the 2000°Féh Aire test for 
periods of up to 10 -NONOTES while 
Pressurized. 
.. 100% reliability i is éfisured during 
afore final fire 


TRADE MARK 


AVICA Stainless Steel flexible tubing as- 
semblies are recommended for use with 
CHLOROBROMOMETHANE in Aircreft fire 
extinguisher systems. 


WRITE TO SPECIAL PROJECTS DEPT. A. W- 
FOR FURTHER INFORMATION 


AVILA CORPORATION 


P.O. BOX 1090 
PORTSMOUTH, RHODE ISLAND 
TEL. PORTSMOUTH 479 


= 
— 
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Méthode de Mesure et d’Enregistre- 
ment Rapide des Températures des 
Flammes. A. Moutet. La Recherche 
Aéronautique, May-June, 1952, p. 21. In 
French. Methods of measuring and re- 
cording of flame temperatures in rocket 
and jet combustion study; optical, photo- 
graphic, and other techniques. 

Structure de l’Onde de Choc et des 
Flammes Déflagrantes. Maurice Roy. 
France, ONERA Pub. 63, 1953. 28 pp. 
In French. Analytic study of the struc- 
ture of shock waves and the deflagration 
flame problem in combustion engines and 
machines, with approximation methods 


Heat Transfer 


Conduction of Heat in the Semi-Infinite 
Solid, with a Short Table of an Important 
Integral. R. C. T. Smith. Australian 
J. Phys., June, 1953, p. 127. 


Convection Currents in Porous Media. 
V—Variational Form of the Theory. 
F. T. Rogers, Jr. J. Appl. Phys., July, 
1953, p. 877. 17 refs. A new NOTS 
formulation of the theoretical problem 
taking into account the observed patterns 
of ‘‘quasi-columnar’”’ flow. 

Studies in Energy Transfer. III—The 
Effect of Added Gases on the Decomposi- 
tion of Cyclobutane. H. O. Pritchard, 


AERONAUTICAL 


ENGINEERING REVIEW- 


R. G. Sowden, and A. F. Trotman-Dicken- 
son. Proc. Royal Soc. (London), Ser. A, 
July 7, 1953, p. 416. 


Wind Tunnels & Research 
Facilities 


In Europe’s Laboratories. Jnteravia, 
No. 7, 1953, p. 375. Developmental sur- 
vey of research organizations, facilities, 
and projects. Partial contents: Italy’s 
Contribution to Aeronautical Research 
during the First Twenty Years of the 
Century, Gaetano Arturo Crocco. British 
Aeronautical Research and Development, 
Harry M. Garner. Aeronautical Research 
in France, Maurice Roy. German Aero- 
nautical Research Seeks New Roads, 
Albert Betz. 

Research Work in the Division of 
Acoustics, National Physical Laboratory of 
India, New Delhi. S. Parthasarathy. J. 
Sci. & Ind. Res., Sect. A, June, 1953, p. 
272. 34 refs. Includes investigations of 
ultrasonic and thermosonic problems and 
research techniques. 

Air-Water Analogy and the Study of 
Hydraulic Models. Giulio Supino. (L’En- 
ergia Elettrica, Milano, No. 11, Nov., 
1951.) U.S., NACA TM 1359, July, 1953. 


22 pp. 18 refs. Translation 


-OCTOBER, 1953 


Balance de Soufflerie S.N.C.A.S.O., 
Type RD, pour 1’Etude de la Stabilité 
Latérale Dynamique. Tech. et Sci. Aéro- 
nautiques, No. 6, 1952, p. 389. In French 
The SNCASO wind-tunnel balance device, 
Type RD, to measure aircraft dynamic 
lateral stability directly and instantly by a 
free-oscillations method. 

Contribution a 1’Etude Expérimentale 
des Mouvements Variés en Soufflerie. 
Michel Scherer. France, ONERA Pub 
61, 1953. 152 pp. 36 refs. In French 
Experimental investigations of aerody 
namic forces on a wing in nonuniform me 
tion for flutter and torsion; analytic meas 
urements of stability derivatives for re 
search on aircraft movements in wind tun 
nels. 

Diffusers for Supersonic Wind Tunnels. 
J. Lukasiewicz. J. Aero. Sci., Sept., 1953, 
p. 617. 23 refs. Review of the literature 
on experimental data relating to the per 
formance and design of diffusers for entry 
Mach Numbers up to 10. 

Interférométre 4 Grand Champ pour 
Soufflerie Supersonique. F. Bouniol and 
R. Chevalerias. La Recherche Aéro- 
nautique, Nov.-Dec., 1952, p. 25. In 
French. An interferometer. with a field of 
16 cm., for measuring supersonic flows in a 
wind tunnel. 


years of age. 


ties will be sent on request. 


IAS Library Facilities 


To serve Institute members and others in the aeronautical industry, the Institute of the Aeronautical 
Sciences offers the facilities of: 


The W. A. M. Burden Library 
2 East 64th Street 
New York 21, N.Y 


The facilities of this library are available for reference study at the Institute. 


The Paul Kollsman Lending Library 


2 East 64th Street 
New York 21, N.Y 


This library loans books without charge to members and others in the United States over eighteen 
Full information will be sent on request. 


The Pacific Aeronautical Library 
7660 Beverly Boulevard 
Los Angeles 36, Calif. 


This is a service and reference library for West Coast organizations. 


Full information as to its facili- 
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x 
Why JET ENGINES need | a 
Heat-Resistant Alloy Castings 


¢ Take a look at these castings... 


In each one, specific advantages are gained by casting 
the part in heat and corrosion-resistant alloy containing 
nickel. 


# Nickel-containing alloys are also specified for combus- 

? tion chambers, nozzle vanes, flame tube casings, and other 
components subject to heavy stresses, intense heat, corro- 
sion fatigue and other service conditions. 


High alloy castings containing nickel may be of help to 
you on jobs where resistance to heat and corrosion are 
prime requisites. Send us details of your problems for our 
suggestions. Write today. 


JET ENGINE DIFFUSER CONE... produced by SOLAR 
AIRCRAFT COMPANY, San Diego, Calif., for use in 
J34 jet engines. Made from 18-8 columbium-stabilized 
stainless steel (AMS 5363) this casting replaced forg- 
ings, and resulted in greater economy plus superior di- 
mensional stability of the part after machining. Diam- 
eter: 24 in —Weight: 200 Ibs 


NOZZLE DIAPHRAGM ... u-e:1 in aircraft engines 
at temperatures up to 1600°F. froduced by LEBANON 
STEEL FOUNDRY, Lebanon, Pa., this part is cast in 
chromium-nickel stainless steel (CF-8C alloy, approxi- 
mately equivalent to Type 347 wrought material). 


JET ENGINE RINGS... centrifugally cast by the 
DURALOY COMPANY, Scottdale, Pa., using 25% 
chromium —14% nickel—3% tungsten alloy. The center 
casting is a rough machined blank. The end castings are 
finished rings. These parts are used at temperatures of 
600°-700°F., under highly oxidizing conditions. Diam- 
cter: about 15 in 


THE INTERNATIONAL NICKEL COMPANY, ING. 
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over roug 


keep the gun 
aimed 


TO KEEP GUNS STABILIZED 


h terrain 


Over open area a tank pitches and heaves like a rocking 
chair... but regardless of the bumps... ditches. . . hills 
...the guns keep pointing at the target while the tank is 
moving. Ford Instrument Company played a vital role in 
designing and manufacturing a stabilizer unit for the tank’s 
gun fire contro] system. 


® 


You can see why a job with Ford Instrument Company 
offers a challenge to young engineers. If you qualify, 
there may be a spot for you in automatic control 
development at Ford. Write for brochure about products 
cr job opportunities. State your preference. 


his is typical of the problems that Ford has solved since 
1915. For from the vast engineering and production facilities 


of the Ford Instrument Company, come the mechanical, 


ments that bring us our “tomorrow” today. Control problems 


of both Industry and the Military are Ford specialties. 


FORD INSTRUMENT COMPANY 


DIVISION OF THE SPERRY CORPORATION 
31-10 Thomson Avenue, Long Island City 1, N. Y. 


hydraulic electro-mechanical, magnetic and electronic instru- | 


> 
/ 
| 
ane gor? | | 
yhe one et 
— 
x=... 
| 


Aeronautical Reviews 


EDUCATION AND TRAINING 


Civil Air Regulations and Reference Guide for 
A&E Mechanics. Los Angeles, Aero Publishers 
Inc., 1953 120 pp.,illus. $2.00 

This book combines in one volume all the 
Civil Air Regulations required and recommended 
by the CAA for A & E mechanics 


a reference guide of questions and answers on 


It comprises 


CAR’s which are similar to those asked by the 
CAA for A & E mechanics certificates and copies 
of inspection forms. 


ELECTRONICS 


Electronic Circuitry for Instruments and Equip- 
ment. Milton H 
Instrument 
illus $4.00 


Aronson Pittsburgh, Pa 


Publishing Co 1953. 310 pp 


his textbook, originally printed serially in 
Instruments under the title of ‘Instrument Elec 
tronics,”’ is concerned with the basic electronic 
circuitry for instruments, communications, tele 
vision, laboratory apparatus, and military equip 
ment The treatment is nonmathematical, and 
the book may be considered as a text for a home 
study course. Over 450 multiple-choice ques 
Contents (1) The Elec 
trical Nature of Matter 


tions are included 


2) Circuit Elements 


Resistance, Capacitance, Inductance 3) Im 
pedance and Resonance. (4) Signals and Simple 
Circuits 5) Vacuum Tubes. (6) Gas-Filled 
Tubes 7) Rectification and Power Supplies 
8) Amplifier Circuits 9) Solid-State Ampli 
fiers. (10) Oscillator Circuits. (11) Signal 
Shaping Circuits (12) Electrical and Electronic 
Test Equipment (13) R-F Communication 
and Television. (14) Scientific and Industrial 
Instruments 15) Military Electronics 


Transmitting Valves; The Use of Pentodes, 
Tetrodes and Triodes in Transmitter Circuits. 
J. P. Heyboer. Revised by P. Zijletra. (Ele: 
tronic Valves, Vol. 7.) Eindhoven, Netherlands 
Philips’ Technical Library; Houston, Texas 
Elsevier Press, Inc., 1951. 284 pp.,illus. $7.50 

The main object of the author, J. P. Heyboer 
who was a member of the scientific staff of Philips’ 
Company, was to prepare a complete study of 
transmitting tubes and their applications, passing 
in turn to modulation, oscillation, and frequency 
multiplication. In each case there are derived 
the more important theoretical quantities for the 
characteristics of the tubes, partly by calculation 
and partly by graphic means. The present book 
is purposely limited to the treatment of tubes in 
which the transit time is of minor importance 
Although intended for the advanced student and 
the professional engineer, the text is not over- 
burdened with mathematics and is well illus 
trated by over 200 diagrams and charts 

Application of the Electronic Valve in Radio 
Receivers and Amplifiers. Volume 2, A..F. 
Amplification—The Output Stage-Power Supply 
B. G. Dammers, J. Haantjes, J. Otte, and H. Van 
Suchtelen. (Electronic Valves, Vol. 5.) Eind- 
hoven, Netherlands, Philips’ Technical Library; 


Book Notes 


Houston, Texas, Elsevier Press, Inc., 1951. 431 
pp.,illus. $9.00 

This second part of the trilogy on valve applica 
tions of electronic tubes deals with a.f. amplifica 
tion, power amplification, and power supplies 
The approach to the subject is both theoretical 
and practical. A large number of graphs and 
design calculations have been included to illus 
trate the performance of the various types of 
tubes in different circuits A selected bibliog- 
raphy is given at the end of each chapter. The 
four authors are members of the scientific staff of 
the Philips Company 


FUELS AND LUBRICANTS 


ASTM Manual on Measurement and Sampling 
of Petroleum and Petroleum Products. Gaging 
Temperature Measurement, Volume Calculations 
and Corrections, Water and Sediment, Gravity 
Sampling. 2nd Ed Philadelphia, American 
Society for Testing Materials, 1953 133 pp 
illus $1.50 


HISTORY 


Palette de Souverir, 1901-1952. Paris, Air 
France, 1953 49 pp., illus 

An illustrated souvenir album covering 50 
vears of aviation history, with particular reference 
to French developments 


INSTRUMENTS 


Measurement Techniques in Mechanical 
Engineering. R. J. Sweeney. New York, John 
Wiley & Sons, Inc., 1953. 309 pp., diagrs. 
$5.50 

The purpose of this book is to provide a source 
of information on the measurement techniques 
that are commonly used in performance testing of 
power equipment. In this field are included 
tests of engines, pumps, compressors, and com- 
bustion and heat-transfer apparatus. The me- 
chanical quantities that may need to be meas- 
ured include length, area, time, speed, force, pres- 
sure, temperature, and fluid flow rates. The 
more common applications of electrical and chem- 
ical methods in mechanical engineering are 
discussed. The discussion of instruments covers 
their primary function of measurement and indi 
cation and their function as signaling devices to 


automatic controllers. The intent has been to 


For Information on IAS 
Library Service Facilities, 
see page 99 | 


Statements and opinions ex- 
pressed in Book Reviews are to 
be understood as individual ex- | 
pressions and not necessarily 
those of the Institute. | 


— BOOKS 


provide an insight into principles of use and de- 
sign, and no attempt has been made to give de- 
tailed descriptions of current designs of instru- 
ments. Footnote references have been made to 
extended treatments of the subject 

Contents: (1) Introduction; (2) Mensura- 
tion; (3) Mass; (4) Time and Speed; (5) Elec 
trical Measurements; (6) Dynamometers; (7) 
Pressure; (8) Temperature; (9) Fluid Flow; (10) 
Calorimetry; (11) Chemical Analysis; (12) 
Automatic Controls; Appendix; Thermoelectric 
Charts; Index. 


MATERIALS 


Properties of Metallic Materials. A Sym 
posium Organized by the Institute of Metals and 
Held at the Royal Institution, London, on 19 
November 1952 Report 
Series No. 13.) London, Institute of Metals, 
1953. 368pp.,illus. 35s. $5.50 

Contents: Paper 1396, Specialized Micro- 
scopical Techniques in Metallurgy, S. Tolansky 
Paper 1397, Radioisotopes in the Study of Metal 
Surface Reactions in Solutions, Massoud T. 
Simnad Paper 1398, The Influence of Machin- 
ing and Grinding Methods on the Mechanical and 
Physical Condition of Metal Surfaces, Peter 
Spear, Ian R. Robinson, and K. J. B. Wolfe. 
Paper 1399, The Effect of Lubrication and Nature 
of Superficial Layer After Prolonged Periods of 
Running, F. T. Barwell. Paper 1400, The 
Crystalline Character of Abraded Surfaces, P. 
Gay and P. B. Hirsch. Paper 1401, The Effect 
of Surface Conditions on the Mechanical Prop- 
erties of Metals, Mainly Single Crystals, E. N. 
da C. Andrade. Paper 1402, The Effect of Sur- 
face Condition on the Strength of Brittle Mate- 
rials, C. Gurney. Paper 1403, The Influence of 
Surface Condition on the Fatigue Strength 
of Steel, R. J. Love. Paper 1404, The Influence of 
Surface Films on the Friction and Deformation of 
Surfaces, F. P. Bowden and D. Tabor. Paper 
1405, Diffusion Coatings, D. M. Dovey, I. Jen- 
kins, and K. C. Randall. Paper 1406, The Na- 
ture and Properties of the Anodic Film on Alu- 
minium and Its Alloys, H. W. L. Phillips. Paper 
1407, Chemical Behaviour as Influenced by Sur- 
face Condition, U. R. Evans. Paper 1408, The 
Effect of Method of Preparation on the High- 
Frequency Surface Resistance of Metals, R. G. 
Chambers and A. B. Pippard. General Discus- 
sion. Subject and Name Indexes. 

Engineering Metallurgy. Bradley Stoughton, 
Allison Butts, and Ardrey M. Bounds. 4th Ed 
New York, McGraw-Hill Book Company, Inc., 
1953. 479 pp.,illus. $7.50. 

This edition is designed to be used by sopho- 
more—junior engineering students, particularly 
those who do not plan to specialize in metallurgi- 
cal engineering. Subject matter covered deals 
primarily with metal utilization rather than pro- 
duction. It covers structure, properties, treat- 
ment, and working of metals and alloys. ,Chap- 
ters on alloys, heat treatment, metals as materials 
of construction, and sizing and shaping have been 
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For dynamic analysis of instruments 


‘Doelcan 


TYPE 


sa Frequency Response Analyzer 


Electronic 
Analyzer 
Console 


POWERFUL TOOL in the design 
and test of servomechanism 
components and systems, 

the DOELCAM Type BA Frequency 
Response Analyzer is one of the 
many special types of laboratory test 
equipment developed by DOELCAM for 
evaluating instrument characteristics. 

Designed primarily to measure the 
dynamic characteristics of rate gyros 
and angular accelerometers, the Type 
BA Analyzer is also easily adaptable 


For further information 
Write for Bulletin FR2 


for use in investigating the response 
of many control systems. It provides 
continuous, point-by-point readings 
of the amplitude and phase response 
of the instrument or system under 
test, from | to 100 cps. 


“Doelcam—> CORPORATION 


SOLDIERS FIELD ROAD, BOSTON 35, MASS. 
West Coast Office: 304 Tejon PI., Palos Verdes, Calif. 


Instruments for Measurement and Control 
Gyroscopic Instrumentation - 
Synchros - Microsyns - 


Servomechanisms 
Servo Motors 


MECHANICAL OSCILLATOR provides sinusoidal input 
motion, variable in frequency and amplitude, to the 


unit under test 


SERVO DRIVE controls the input fre- 
quency to an accuracy of 0.5% of set- 
ting, from 1 to 100 cps 
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largely rewritten to bring them uptodate. New 
developments in metallurgy since the third edi 
tion, and especially since World War II, have bee 
added. They include: metallurgy in atomi 
energy development, machining and machir 

ability, plastics, new welding methods, new cast 
ing methods, new methods of testing such as acou 

tic and supersonic, new types of steel and cast 
iron, new nonferrous alloys, and time-tempera 
ture-transformation curves. 


Textbook of the Materials of Engineering 
Herbert F. Moore and Mark B. Moore 8th Ed 
New York, McGraw-Hill Book Company, In« 
1953. 372 pp.,illus. $6.00. 

Presentation is made of the properties of vari 
ous materials used for machine and structural 
parts which affect the strength, stiffness, duc 
tility, and resistance to corrosion or wear rhe 
coverage of these properties includes methods of 
production such as casting and molding and 
chemical and mechanical methods of strengthen 
ing materials, heat treating, alloying, hammeriny 
and rolling, and aging. The internal structure 
and processes producing various materials receive 
brief descriptions Effectiveness of various 
treatments for structural or machine parts is dem 
onstrated, along with the limiting stress, strain 
or strain energy under which various metals func 
tion satisfactorily. This new edition include 
recent information given by the electron micro 
scope, a brief discussion of resistance to fatigue by 
metals under compressive loads, discussions of 
boron and titanium, and a new treatment on 
numerous plastics (with a tabulation of their 
physical properties) An added feature is the 
use of the nomenclature for fatigue of metals rec 
ommended by the ASTM. The text, distinctly 
elementary in character, is intended for draft 
men, inspectors, machinists, and others concerned 
with materials of engineering. Selected refer 
ences for advanced reading, and questions, are 
included for the student 


1952 Book of ASTM Standards, Including 
Tentatives. Philadelphia, American Society for 
Testing Materials, 1953. 7 vols., illus., plate 
diagrs 

Contents Part 1, Ferrous Metals, 1,602 py 
$12 Part 2, Nonferrous Metals, 1,359 pj 
S10 Part 3, Cement, Concrete, Ceramics, Ther 
mal Insulation, Road Materials, Waterproofing 
and Soils, 1,666 pp., $12. Part 4, Paint, Nava 
Stores, Wood, Fire Tests, Sandwich Construc 
tions, Building Constructions, 1,182 pp., $10 
Part 5, Fuels, Petroleum, Aromatic Hydrocar 
bons, and Engine Antifreezes, 1,282 pp., $10 
Part 6, Rubber, Plastics, and Electrical Insula 
tion, 1,520 pp., $12 Part 7, Textiles, Soa 
Water, Paper, Adhesives, and Shipping Con 
tainers, 1,364 pp.,$10. This 1952 Bockof ASTM 
Standards comprises more than 9,975 pages and 
includes more than 2,000 specifications tests, and 
definitions for materials Each part of the 1952 
book is complete with detailed subject index and 
two tables of contents and is arranged to provide 
as usable a book as possible for technologists and 
others in industry and government who must 
purchase materials or evaluate their quality 
through standard tests The books are kept up to 
date with the issuance of annual supplements A 
supplementary volume providing a complete in 
dex to the standards is being published late thi 
vear 

ASTM Standards on Plastics. Sponsored by 
ASTM Committee D-20 on Plastics: Specifica 
tions, Methods of Testing, Nomenclature, Def 
nitions March, 1953 Philadelphia, Ameri 
can Society for Testing Materials, 19538 1,21¢ 


pp..illus, $5.25 


MATHEMATICS 


Conformal Mapping. L. Bieberbach. New 
York, Chelsea Publishing Company, 1953. 234 
pp.,illus. $2.25 


This general text includes chapters on the 
foundations and linear functions, rational func 
tions, general considerations, study of mapping 
represented by given formulas, and mappings of 
viven regions It is a translation of the fourth 
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DEFENSE PRODUCTS of High Quality at Low Cost DELIVERED ON TIME 


38. Hours Saved on 


Testing nearly two miles of wiring circuits in the 


Skysweeper Fire Control System formerly took 40 hours 
of a technician’s costly time. Now a testing machine, 
operated by a trained girl, does the job in just 2 hours— 
20 times faster and over 2000% cheaper! 


AC’s Know-How has developed many such short cuts to 
speed production and reduce cost of complex electro- 
mechanical devices like the Skysweeper’s Fire Control 
System, the A-1A Bombing Navigational Computer and 
“A” Series Gyro-Computing Gun-Bomb-Rocket Sights. 
For dependable defense production—on or ahead of schedule 
—at assembly line savings—the record proves you can 
always count on AC! 


In February, 1953—only 18 months after orders 
were placed—AC delivered their first production 
T-38 Fire Control System for the Skysweeper. 


| GENERAL 
MOTORS 


GOOD 


MANAGEMENT 


AC SPARK PLUG DIVISION [Z3J GENERAL MOTORS CORPORATION 
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GUE AIRCRAFT CO.. 


WEST TRENTON. NEW JERSEY 


AERONAUTICAL ENGINEERING REVIEW 


The Avitruc is designed to haul 
troops and cargo—all sorts, shapes 
dimensions, density; mobile, immo- 
bile or motorized—in and out of 
small, unprepared fields. Capacity to 
land in, and take-off from forward 
combat areas makes it indispen- 
sable for aerial evacuation. 

Troops and materiel are delivered 
to combat arenas by landing— 
casualties are immediately removed 
from battle areas. 

Chase ASSAULT Transports per- 
form these vital functions offering 
AIR-VAC from anywhere. 
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edition (1949) of Bieberbach’s Einfihrung in die 
Konforme Abbildung 

An Introduction to Linear Programming. Part 
1, An Economic Introduction to Linear Pro 
yramming, W. W. Cooper and A. Henderson 
Part 2, Lectures on the Mathematical Theory of 
Linear Programming, A. Charnes New York 
John Wiley & Sons, Inc., 1953. 74 pp., illus 
$2.50 

The lectures contained in this volume were orig 
inally developed as part of a research seminar 
supported in part by grants from the U.S. Air 
Force to the Carnegie Institute of Technology, to 
the School of Industrial Administration for re 
search in intrafirm behavior and to the Depart 
ment of Mathematics for research in applied 
mathematics. A bibliography of 29 references is 
appended to Part | as a guide to further reading 

Lectures on Analytic and Projective Geometry. 
Dirk J. Struik. Cambridge, Mass., Addison 
Wesley Publishing Company, Inc., 1953. 291 pp 
illus $6.50 

The present book represents a one-term course 
mainly for juniors and seniors, given at Massachu 
setts Institute of Technology. The texts start 
with affine and projective concepts concerning 
points on a line and lines through a point. Then 
the geometry of plane and space, leading up to 
conics and quadrics, is developed inside the 
triple frame of metric, affine, and projective 
transformations. The algebraic treatment is oc 
casionally exchanged for the synthetic one At 
many places the connection of the geometric 
material of the text with other fields is indicated 
notably with axiomatics, algebra, descriptive 
geometry, vector analysis topology, and statics 
Further developments serve the purpose of allow 
ing the student to find his way in the literature 


MECHANICS 
Mechanics. Stefan Banach. Translated by 
E. J. Scott Monografie Matematyczne, Vol 
24 Warsaw Monografie Matematyczne 


New York, Hafner Publishing Company, 1951 
546 pp., figs Cloth $9.50; Paper $7.50 

This text is limited to the mechanics of a system 
of material points and a rigid body The mathe 
matical prerequisites for reading this book are 
limited to the elements of analytic geometry and 
differential and integral calculus. Typical chap 
ter headings are Theory of Vectors, Kine 
matics of a Point, Dynamics of a Material Point 
Systems of Material Points. In the Appendix is 
given a method of solving ordinary differential 
equations of the second order with constant coeffi 


cients 


NAVIGATION 


ANDB Annual Report Fiscal Year 1952 
Washington, Air Navigation Development Board 
1953. 7 pp 

A summary of 1952 operations including data 
on new projects and the current program and a 


list of technical and project reports 


PERSONNEL 


Proceedings of the Second Conference on 
Scientific Manpower. 119th Meeting of the 
American Association for the Advancement of 
Science, held at St. Louis, December, 1952 
Washington, National Science Foundation, 1953 
417 pp 

Contents Supply of Scientific Manpower 
Dael Wolfle \ Program of Research on the 
Characteristics of Scientists, E. G. Williamson 
Implications for Higher Education, C. W. de 
Kiewiet The National Science Foundation’s 
Graduate Fellowship Program, Bowen C. Dees 
Research Training in the Sciences, Warren C 
Johnson. Plans for Registers and Clearing 
house Activities, Philip N. Powers. National 
Scientific Manpower Policy, Robert C. Goodwin 

The Research Approach to the Study of Human 
Resources. Pittsburgh, American Institute for 
Research, 1953 12 pp., illus 

An introduction to the functions of the Ameri 
can Institute for Research, a nonprofit organiza- 
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PRECISION FASTENERS BY $p$ 


For complete information, write SPS, Jenkintown 58, Pa. 


AIRCRAFT PRODUCTS DIVISION $ 


Yea : A START FOR THE FUTURE JENKINTOWN PENNSYLVANIA 
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tiou devoted to the systematic study of human This fourth biennial review lists over 7,500 re- 
behavior through a coordinated program of search projects in 103 institutions, in which over 
scientific research 13,000 persons are engaged All branches of 
engineering and most related fields are covered 

PILOTING In addition to a subject index to research proj- 


ects, this reference work gives names of respon- 
Pilot's Handbook. Hollywood 28, Calif 


5864 Hollywood Blvd Pilot's Handbook, 1953 
66 pp., illus. $2.50. 

A compilation of CAR air traffic rules, GCA 
unit locations, hand and light signals, radio and 
beacon codes, general radio information, mete 
orological data, and atmospheric and temperature 
tables. One quarter of the book consists of blank 
pages for recording flight data. 


sible administrative officers, policies that govern 
research projects and contracts, personnel en- 
gaged in research activities, annual expenditures 
for research projects, sources of income for re- 
search, and special conferences and short courses 
of interest to research workers 

Proceedings of the Research Symposium on 
Physical Sciences and Engineering Held on 
April 24 and 25, 1953. State College, Miss., 
Mississippi State College, 1953 140 pp. 
PRODUCTION Contents: Physics and National Prosperity, 


. A. E. Ruark. Progress in Forest Utilization, G 
Heavy Press Program for Light Metals. A. Garratt. Industrial Chemical Research, 


Technical Papers and Discussions on the Air Frank J. Soday. Role of Applied Mathematics 
Force Heavy Press Program, New York, Decem in Research, F. O. Ringleb. Today's Miracles; 
ber 2, 1952. New York, American Society of Tomorrow’s Necessities—-Through Electrical En- 
Mechanical Engineers, American Institute of gineering, H.N. Muller. Building Solid Founda- 
Mining and Metallurgical Engineers, Institute of tions, Paul E. Klopsteg. Structural Engineering 
the Aeronautical Sciences, and Society of Auto Looks Ahead Through Research, Mace H. Bell 
motive Engineers, 1953. 158 pp., illus Mechanical Engineering in Research, Kenneth R 
Technical papers presented and reprinted in Daniel. Commercial Aviation Hampered by War, 
this volume are: Paper No. 52-A-75—Require Grover Loening 
ments for Large, Light Metal Forgings and Ex Annual Report, 1952, of the Armour Research 


trusions in the Aircraft Industry, G. W. Papen Foundation of Illinois Institute of Technology. 
Paper No. 52-A-76-——-The Design and Construc Chicago, 1953. 59 pp., illus 


tion of Large Forging and Extrusion Pressed for 
Light Metals, M. D. Stone. Paper No. 52-A 
77-—Metallurgy and Production of Suitable 
Aluminum Alloy Ingots for Large Forgings and 


Includes descriptions of research projects under 
way or completed during the year 


STANDARDS 
Extrusions, T. L. Fritzlen. Paper No. 52-A-78 

Large Forging Press Operations and Production Standards—Engineering Tools for Industry 
Problems, G. W. Motherwell, J. R. Douslin, and Proceedings of the Third National Standardiza 
A. L. Rustay. Paper No. 52-A-79—Large Ex- tion Conference Combined with the Principal 
trusion Press Operation and Production Prob Addresses at the 34th Annual Meeting Award 
lems, T. F. McCormick. Luncheon, November 25, 1952. New York 

Discussion and written comments are included American Standards Association, 1953. 64 pp 
Riveting Alcoa Aluminum. Pittsburgh, Alu Contents: Europe Discovers America, 
minum Company of America, 1953. 90 pp William L. Batt. Remarks upon Acceptance of 
illus. diagrs. The Standards Medal, Frank O. Hoagland A 
Information on riveting aluminum, strength Progress Report on Notable Standards Activities, 
and proportions of riveted joints, driving methods Roger E. Gay. Standards—Engineering Tools 
and alloy selection. for Industry, Joseph W. Barker. Standards for 
Casting Alcoa Alloys. Pittsburgh, Aluminum World Trade—An Opportunity for American 
Company of America, 1953. 143 pp., illus Leadership, Cyril Ainsworth. Standards—A 
diagrs. Procurement Tool, E. H. Weaver A New Ap 
Descriptions of various aluminum casting proach to Cost Reduction in the Building In 
alloys; considerations in selection of casting proc dustry, Willard T. Chevalier rhe Engineering 
ess; general foundry principles and precautions Significance of Standards —How Standards for 
Safety Can Help Reduce [Insurance Premiums 
RESEARCH and Improve Industrial Relations, Donald G 
Vaughan. What Standards Have Meant in the 
Review of Current Research and Directory of Economic Utilization of Our Products, Hampton 
Member Institutions, 1953. State College, Pa., M. Auld. How the Photographic Industry 
Engineering College Research Council, American Developed National Standards, Paul Arnold. 
Society for Engineering Education, 1953. 330 The Standardization Program of the American 


pp. $2.50. Welding Society, S. A. Greenberg. The Stand 
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ardization Program of the Diesel Engine Manu 
facturers Association, Harvey T. Hill. Th: 
Chemical Industry’s Approach to Procurement 
Standards—The Industry’s Position, Granville 
M. Read. The Supplier's Position, Frank S. G 
Williams. The Chemical Industry Correlating 
Committee’s Position, J. G. Henderson. The 
ASME Boiler Code Committee and Its Work 
Arthur M. Greene, Jr 


THERMODYNAMICS 


Heat Transfer; A Symposium Held at the 
University of Michigan During the Summer of 
1952. Ann Arbor, Mich., University of Michigan 
Press, 1953. 296 pp.,illus. $5.00. 

Contents: Conditions in Heat Transfer Prob 
lems Which Create High Thermal Stress, Alan 
S. Foust, Head, Department of Chemical En 
gineering, Lehigh University. Behavior of Ma 
terials Under Conditions of Thermal Stress, S. S 
Manson, Chief, Materials and Stresses Branch 
Lewis Flight Propulsion Laboratory, N.A.C.A 
Liquid-Metal Heat Transfer, H. F. Poppendiek 
Section Chief, Oak Ridge National Laboratory 
Heat Transfer with Evaporation, Warren M 
Rohsenow, Associate Professor of Mechanical 
Engineering, M.I.T Recent Developments in 
Convective Heat Transfer with Special Reference 
to High-Temperature Combustion Chambers, 
Martin Summerfield, Professor of Jet Propulsion 
Princeton University. Convective Heat Trans 
fer at High Velocities, E. R. G. Eckert, Professor 
of Mechanical Engineering, University of Minne 
sota. Transpiration and Film Cooling, Professor 
of Mechanical Engineering, University of Minne 
sota. Forced Convection from Nonisothermal 
Surfaces, Myron Tribus, Director of Icing Re 
search, and John Klein, Applied Mathematician 
Engineering Research Institute, University of 
Michigan. Theoretical Considerations in Rare 
fied-Gas Dynamics, S. A. Schaaf, Associate Pro 
fessor of Engineering Science, University of 
California. Comparison of Temperatures in 
Solid Bodies and Their Scaled Models, R. V 
Churchill, Professor of Mathematics, University 
of Michigan 


YEARBOOKS 


The Aircraft Yearbook, 1952. Official Publica 
tion of the Aircraft Industries Association of 
America, Inc. Washington, Lincoln Press, Inc 
1953 164 pp.,illus.,diagrs. %6.00 

This edition, following the pattern of earlier 
years, contains reviews of activities in aviation 
companies, military aviation, governmental 
agencies, the light-plane field, and design and pro 
duction. There are chapters describing and illus 
trating current aircraft and engines and giving 
official aviation records, chronology, and brief 
biographies of aviation personalities 


Changes of Address 


of every issue of the Journal and Review. 


Institute of the Aeronautical Sciences 
2 East 64th Street, New York 21, N.Y. 


Since the Post Office Department does not as a rule forward magazines to forwarding addresses, it is impor- 


tant that the Institute be notified of changes in address 30 days in advance of publishing date to ensure receipt 


Notices should be printed legibly and sent directly to: 
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AVAILABLE! 


HUMPHREY LINEA 
TENTIOMETER 


LOS ANGELES _SAM FRANCISCO + SEATTLE 


¥%_” Diam. for strokes up to 3” 
3%,” Diam. for strokes over 3” 
Dual element construction 


Resistance values to 13,000 ohms/inch 
with higher values in special units. 


NOW FOR THE FIRST TIME...a rugged Potentiometer that 
will give long, noise-free performance when subjected 
to vibration, dither and other environmental conditions. 


ABSOLUTE PRECISION LINEARITY with clear, sharp signal, be- 


PACIFIC SCIENTIFIC “KNOW-HOW” cause of the exclusive internal design of the Humphrey unit. 


IS AVAILABLE TO YOU. If you need The Humphrey Potentiometer is fully tested and has been 

ig assistance in — qualified for use in many military applications. These units 

hess ptccceee jag are rugged, yet amazingly light in weight, and compact in 

construction. Humphrey Potentiometers are in production 

and are available. Special units built to your specifications, 

RATE GYROS, FREE GYROS ° 
ACCELEROMETERS to meet unusual requirements. 


WRITE OUR NEAREST OFFICE FOR DETAILED INFORMATION 


SC j N Tl F Cc co. EASTERN REPRESENTATIVE: Aero Engineering, 


Inc., 288 Old Country Road, Mineola, L.I., 
N.Y. 20 No. Meridian St., Indianapolis, 
Los Angeles 23, Calif. San Francisco 7, Calif. * Seattle 4, Washington Ind. « 10 South St., No. 30 Baltimore, Md. + 
1430 Grande Vista Ave. 25 Stillman St. 1915 Ist Ave. South Montreal A. M. F., P. Q., Canada. 
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diversification: 


another reason why 


Lockheed in 


California offers... 


better careers for engineers 


diversified production 


Huge luxury airliners, cargo transports, 
fighters, bombers, trainers and radar search 
planes are rolling off Lockheed assembly 


lines. Twelve models are in production. 


diversified development pr 


The most diversified develo; 
in Lockheed’s history is ur 
it is still growing. The many t 
now in development indicate 
production in the future w 


as it is today—and has beer 


This capacity to develop and produce such a wide range of air 


is important to career-conscious engineers. It means Lockheed offer 


scope for your ability. It means there is more opportunity for pron 


so many development and production projects constantly in motion. It 


future is not chained to any particular type of aircraft—|t 


Lockheed is known for leadership in virtually all types of aircraft 


versatility in development and production is also one of tt 


reasons it has an unequaled record of production stability year aft 


ojects diversified living 

program You work better in Lockheed’s atmosphere 
and of vigorous, progressive thinking—and you 
aircraft better 


varied in an area 


1 broader 


with 


your 


LOCK LEE 


BURBANK, CA 
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Personnel Opportunities 


This section is for the use of individual members of the Institute seeking new connections and 
organizations offering employment to Aeronautical specialists. 
tion may have requirements listed without charge by writing to the Secretary of the Institute. 


ny member or organiza- 


Wanted 


Aeronautical Design Engineer—-GS-11, $5,940 
per annum Post of duty, Washington, D.C 
with occasional travel Duties Technical 
supervision and coordination of Coast Guard 
aircraft acquisition, construction, and improve 
ment program; preparation, study, and evalua 
tion of specifications; initiating changes in design 
to conform to needs of Coast Guard; resolution 
of engineering and production conflicts; corre 
spondence and reports. Requirements A full 
4-year professional engineering curriculum lead 
ing to a Bachelor's degree in an accredited college 
or university plus 2'/2 years of aeronautical engi 
neering experience, which must have demon 
strated a good knowledge of engineering prin 
ciples and the ability to perform engineering work 
under only general supervision 
to: Chief, Civilian Personnel Division, U.S 
Coast Guard, Room 3006, 1300 E Street, N.W 
Washington 25, D.C 


Address replies 


Professor or Associate—The Brazilian Aero 
nautical Technical Institute needs high-grade 
professors specialized in aerodynamics, structures 
and airplane design for further development of 
undergraduate and graduate courses and of 
laboratories Prefer men with Ph.D. and teach 
ing experience, but will consider applications 
from men with sound theoretical training plus 
practical experience. Salary and rank dependent 
on qualifications Unusual opportunity for the 
right persons Inquiries should be sent to Pro 
fessor A. J. Meyer, ITA, COCTA, Sao José dos 
Campos, Sao Paulo, Brazil. Please include de 
tailed information about education, experience 
contributions, etc 


Aeronautical Engineer—Preferably with M.S 
degree, to teach aeronautical engineering Course 
provide aeronautical consulting services, develop 
through theory and experiment new test methods 
in the field of flight testing, is needed by the Test 
Pilot Training Division of the Naval Air Test 
Center at Patuxent River, Md Civil Service 
rating GS-9 to GS-11 


to Dr. W. J. Hesse 


Send résumé or Form 57 


Engineer—The Naval Air Missile Test Center 
Point Mugu, Calif., has an opening for an aero 
nautical or general engineer, GS-12, $7,040 per 
annum. Description: Engineer in charge of 
Stress Group to perform structural analysis of 
aircraft modification, aircraft installations, mis 
sile components, and mechanical mechanisms and 
installations. Applicants should submit Stand 
ard Form 57, Application for Federal Employment 
available at any Post Office), to the Commanding 
Officer (43), U.S. Naval Air Station, U.S. Naval 
Air Missile Test Center, Point Mugu, Port 
Hueneme, Calif. 


Engineers— Opportunities for employment exist 
in the Bureau of Aeronautics, Department of the 
Navy, Washington, D.C. Aeronautical Power- 
Plant Research Engineer—GS-12, $7,040 per 
annum Development of general designs and 
studies of reciprocating, turbojet, turboprop, ram- 
and pulse-jet, and rocket engines to be used in 
subsonic and supersonic land- and carrier-based 
aircraft and guided missiles. Requirements: 31/2 
years of professional engineering experience in 
addition to degree. Mechanical Engineer—GS- 


12, $7,040 per annum. Responsible for conduct 


ing investigations, studies, and projects in gas dy- 
namics. Serves as expert, specialist, and consult- 
ant on gas dynamics for the purpose of guiding 
the development of new naval aircraft power 
plants. Plans, initiates, and supervises research, 
design, development, and tests of landing aides 
Participates in review and evaluation of design 
studies made by contractors Prepares test, in 
stallation, performance, and detailed specifica 
tions for landing aids and systems. Require 
ments: 3'/2 years of professional engineering ex 
perience in addition to degree. Electronic Engi- 
neer (Radio)—GS-12, $7,040 per annum In 
terprets present and future military requirements 
for antisubmarine air-borne radar systems 
Analyzes existing fleet equipment of this type 
to determine what improvements can be made to 
improve its efficiency for meeting operational re 
quirements. Coordinates the research and de 
velopment programs with other interested serv 
ices, bureaus, and agencies Requirements 31/2 
years of professional engineering experience in 

Aircraft Stability Control 
$7,040 per annum Plans 


addition to degree 
Engineer—-GS-12 

initiates, and coordinates guided-missile flight re 
search and flight research and flight evaluation 
programs Directs and carries out evaluations of 
the stability and control characteristics of pro 
posed new guided missiles Prepares specifica 
tions pertaining to aerodynamics analyses, es 
pecially stability and control of guided missiles 
Requirements 3'/2 years of professional engi 
neering experience in addition to degree. Aero- 
nautical Development Engineer (Hydrodynam- 
ics) —GS-11, $5,940 per annum 


Under general 
supervision performs highly specialized aeronauti 
cal engineering work in the field of hydrodynamics 
in connection with design of naval aircraft: assists 
in model and full-scale, research and development 
projects in hydrodynamics for improvement of 
seaplane operation Requirements: 2'/2 years 
of professional engineering experience in addition 
Natural Gas Engineer—-GS-11, $5,940 

Devising or examining and approv 


to degree 

per annum 
ing containers for the storage and transportation 
of helium Experience in pressurization and com 
pression systems; knowledge of methods and de 
vices for controlling gases under pressure Re- 
quirements: 2!/2 years of professional engineering 
experience in addition to degree. Mechanical 
Engineer—GS-9, $5,060 per annum. Prepares 
studies and layouts of test facilities for experi- 
mental and operational catapults and associated 
equipment for development of new systems and 
improvement of existing equipment; prepares 
preliminary analytical studies of catapulting sys- 
tems and associated components for launching 
piloted aircraft to determine theoretical per- 
formance characteristics, strength requirements 
and optimum configuration. Requirements: 1!/4 
years of professional engineering experience in 


The number preceding the notices 
represents the Box Number of the In- 
stitute of the Aeronautical Sciences to 


which inquiries should be addressed. 
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addition to degree. Mechanical Engineer—GS-9, 
Prepares preliminary studies 


to determine the theoretical performance charac 


$5,060 per annum 


teristics, strength requirements and configuration 
of experimental catapults and associated com- 
ponents. Evaluates design proposals submitted 
by contractors and Government activities in con- 
nection with catapulting equipment to determine 
conformance with accepted engineering practice. 
Requirements: 1!/4 years of professional engi 
neering experience in addition to degree. Aircraft 
Structural Development Engineer—GS-9, $5,060 
per annum. Critical review and analysis of con- 
tractor stress calculations consisting of detailed 
analytical determination of stress tolerances for 
specific load, carrying structural members. Speci 
fication of usable materials for contractor design. 
Requirements 1'/s years of professional engi 
neering experience in addition to degree. Appli- 
cations may be submitted on Standard Form 57, 
Application for Federal Employment, to the De 
partment of the Navy, Bureau of Aeronautics, Per- 
sonnel Division, Attention: PE-202, Washington 
25, D.C. The Standard Form 57 is available at 
U.S. Post Offices or may be obtained by writing to 
the Personnel Division, Bureau of Aeronautics 
Visitors to the Washington area may call at 
Room 3909 of the Main Navy Building, 19th and 


Constitution Ave., N.W., Washington, D.C 


Engineers, Technologists, Physicists, Physiolo- 
gists, Metallurgists—-The Navy Air Material 
Center located in the U.S. Naval Base at the ex- 
treme south end of Broad Street in Philadelphia 
Pa., has vacancies in the above positions for quali- 
fied eligibles. These vacancies are at grade GS-5 
to GS-12 level with salary ranging from $3,410 to 
$7,040 per annum. The Naval Air Material 
Center (the Air Center is divided into three major 
branches: the Naval Aircraft Factory, the Naval 
Air Experimental Station, and the Naval Auxil- 
iary Air Station) is engaged in research (applied), 
development, manufacture, modification, test 
evaluation, and overhaul of aircraft, aircraft com- 
ponents, and aeronautical materials, including 
launching and arresting devices. This activity 
has the job of finding the answers to a never-end- 
ing series of problems involving the whole field of 
aeronautical sciences. Interested persons should 
file an Application for Federal Employment, 
Standard Form 57, with the Industrial Relations 
Department, Naval Air Material Center, Naval 
Base, Philadelphia 12, Pa. Applications may be 
obtained from the Industrial Relations Depart- 
ment, Naval Air Material Center, or at any first- 
or second-class Post Office or from any Civil Serv- 
ice Regional Office. 


502. Dynamics Engineer—-Expanding New 
England firm of research engineers has several 
offerings for aeronautical or mechanical engineers 
with experience in dynamics. Projects include 
dynamic analyses of complicated structures sub 
ject to transient inputs, vibration analyses, 
aeroelasticity studies, laboratory vibration test- 
ing, and flight testing. Excellent opportunity for 
advancement with this young organization. 


500. Associate or Assistant Professor of 
Aeronautical Engineering—Opening available for 
immediate appointment by state university in 
eastern United States. Applicant should be 
qualified to teach undergraduate and graduate 
courses in aerodynamics and related work, in- 
cluding compressible flow theory. Advanced de- 
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gree required. Opportunity for combined teach- 
ing and research program. Enclose résumé of 
education and experience in initial reply. 


INGINEERING REVIEW 


relative to the planning and execution of experi 
mental or development test programs. Test En- 
gineer, Junior—To execute fairly simple technical 


499. Engineers—The following positions are assignments relative to the planning and execu 
available at a large East Coast engine manufac- tion of various development test programs. De- 
turer. Process Engineer—-Responsible for es- sign Analytical Engineer, Junior—To perform 
tablishment of methods by which experimental less complicated theoretical analysis of engineer 
parts are to be manufactured. Operation Sheet ing problems relative to the design of products 
Writer, Senior—To prepare operation sheets for Tool Designer, Junior—To design and draft 


any machining or assembly work through all simple tooling, working from rough sketches or 
steps to completion and to make estimates of tool instructions supplied by Chief, Tool Design Unit 
ing requirements. Design Engineer, Senior—To 498. Operations Research Man—With tech 
execute a variety of complex mechanical layouts nical and economic background for interesting 
of various components, of reciprocating and gas- and varied and independent work on defense 
turbine engines, with related heat transfer and studies. Advanced degrees desirable. At least 3 
also stress and thermal calculations. Analyst, years’ industrial or operational experience re 
Senior—Responsible for actual execution of any quired. Location, Washington, D.C., area 


advanced research or analysis projects in particu- 
lar technical or scientific field (chemistry, metal- 
lography, stress analysis, etc.). Operation Sheet 
Writer—Prepare operation sheets and machine 


Available 


routings for machining of assembly work where 517. Aeronautical Engineer—B. Aero. E 
difficult or unusual operations are not required. Engaged 10 years in wind-tunnel research at high 
Layout Draftsman, Senior—Responsible for subsonic and transonic speeds. Active in prob 
execution of complex layout drafting assignments lems of stability and control, wing-performance 
involving basic design for assembly, strength, and wing-fuselage interference propeller aerody 
operation. Tool Designer, Senior—-To design namics, and propeller vibrations. Experience also 
and draft a wide variety of tooling including jigs, in the design and testing of wind-tunnel fans 
fixtures, dies, and gages for use in machining and Has completed course work in graduate training 
assembling parts or assemblies. Design Engi- program leading to master’s degree. Desires 
neer—Responsible for execution of design proj- position in research and development or super 
ects covering engine assemblies or complex visory position connected with research and de 
parts. Test Engineer, Senior—To execute ad- velopment. Preferable location east of Illinois 
vanced technical assignments relative to the and north of Virginia 

planning and execution of experimental and de- 516. Engineering Pilot--B.S.Ae.E., 1942 
velopment test programs. Tool Designer—To Age 35. Eighteen years’ flying experience 
design and draft tooling such as jigs, fixtures, Air-line transport pilot rating, single- and multi 
dies, and gages where there are no problems of engine land CAA instrument and flight instructor 
unusual or difficult designs. Test Engineer—To ratings. Thirty-eight hundred hours flying 
execute fairly complicated technical assignments time; 3,000 hours multiengine One year part- 


Eng 


AN INVITATION 
TO YOU 10 GO 
PLACES WITH 


of Aerodynamics. Has 


A secure future, exceptional hed many years of oie 

manufacturing and was 
and a high starting salary await 


responsible for engi- 
neering on many now 
famous aircraft. 


you at FAIRCHILD. We have open- 
ings right now for qualified en- 
gineers and designers in all 
pheses of aircraft manufactur- 


g DESIGNERS AVAILABLE 


“CAL-AERO TECH” graduates are immediately useful 
without break-in...and dependable. 
EXPERIENCE 
4000 hours on board and in aircraft shops, with fundamentals and ac- 
tual work assignments under supervision of Aircraft Factory Experienced 
Designers — specializing in design of component parts — proficient 
in layout, strength checking and reggae process analysis. 


New class gr 


() 
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time C.P.T. primary and secondary flight instruc 
tor. Three and one-half years’ flight-test ex 
perience with maufacturer as experimental test 
pilot. Thorough engineering and flight back 
ground in aircraft performance, stability, control 
lability, and power-plant performance testing 
Five years with air lines as air-line pilot, instru 
ment and aircraft flight instructor, engineering 
and maintenance test pilot, and consulting engi 
neer. Experience in both domestic and overseas 
air-line piloting on DC-3, DC-4, DC-6, and Con 
stellation aircraft. Thorough working back 
ground in flight analysis with emphasis on air 
craft performance as applied to CAA Transport 
Category Has engaged in development of 
pilots’ aircraft operating manuals and flight 
training manuals for aircraft manufacturer and 
air lines. Two years’ experience in electronic 
and supersonic aircraft development work 
Desires engineering pilot position with air line or 
manufacturer 


515. Structural Engineer——Bachelor of Aero 
nautical Engineering, 1946. Seven years’ ex 
perience in aircraft stress analy 


is, including 
year of static test at Wright Field as company 
representative. Desires stress analyst position 
Résumé furnished upon request. 


514. Aeronautical Engineer—Age 41. Ds 
gree of Aeronautical Engineer. Twenty years 
experience in various phases of engineering 
rhirteen years of aircraft design, preliminary de 
sign, and USAF. Seven years guided missiles 
electromechanical design, and research in elec 
tronic air-borne equipment. Of experienc« 
noted, 12 years have been at the design super 
vision level. Desires position as staff engineer 
consultant, or group leader in preliminary design 
in aircraft field. Detailed professional history 
furnished on receipt of letter describing position 


Convair « Ryan « Airesearch *« and many others. 


ach — serving Douglas « North 


Top-Notch 


ing. 

Paid vacations, liberal health 
and life insurance coverage, 
5-day, 40-hour week as a base. 
Premium is paid when longer 
work week is scheduled. 


ENGINE AND AIRPLANE CORPORATION 


FAIRCHILD 


HAGERSTOWN, MARYLAND 


SENIOR 


\ HIRE A “CAL-AERO” GRADUATE — HE’LL DELIVER THE GOODS 


AERONAUTICAL 
ENGINEER 


in AIRCRAFT or MISSILE 
AUTOMATIC — 


wanted by 


Phone or write 


CAL- AERO TECHNICAL INSTITUTE 


Grand Central Air Terminal — Glendale 1, California 


- 


Send resume of training and experience 


” M. L. TAYLOR, Engineering Personnel Dept. 6-U 


CONVAIR CONSOLIDATED VULTEE 


AIRCRAFT CORP. 


IN FRIENDLY FORT WORTH. TEXAS FORT WORTH, TEXAS 


— 
| | 
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ICAL ENGINEE 


From Water Level To Stratosphere... 


Pitts 
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FABSEAL 


Makes Flying Safer... 
More Efficient! 


Millions of flying hours prove the 
dependable performance of these impregnated 
fabric tapes in civilian and military use! 


@ Many of America’s leading 
builders of aircraft use Pitts- 
burgh’s FABSEAL Tapes with 
complete confidence in their 
outstanding quality to seal flying 
boats, pressurized cabins and 
for other applications where 
there is considerable racking 
movement. 

@ FABSEAL Tapes are im- 
pregnated fabric of uniform 
density, resistant to water, 
gasoline and oil. They are avail- 
able in .015” thickness and in 
widths from “2” to 12”, pack- 
ages in rolls of 50 feet. 


PITTSBURGH PLATE GLASS .CO., 
Milwaukee, 
Houston, Texas, Los Angeles, Calif.; Portland, 
tzler Color Div. = Detroit, Michigan. The Thresher Paint 


Pa. 
Springdale, Pa.; 
Ore. Bi 


Factories: 


@ These tapes are particularly 
designed for use in fluid or air 
containers where excessive 
pressures are experienced. 
They are also adapted for seal- 
ing structural members where 
flexibility and vibration present 
unusual requirements. FAB- 
SEAL Tapes can also be bolted, 
riveted or screwed between 
metal, wood or fiber members 
to provide a fillet that assures 
a complete seal. 


@ Call on us for advisory serv- 
ice. Our wide experience in the 
aircraft field often can save you 
time and money. 


Industrial Paint Div., 
Wis.; Newark, N. 


& Varnish iS o., Dayton, Ohio. Forbes poncenes Division, Cleveland, 


Ohio. M. B. Suy dam Div., 


PITTSBURGH PLATE GLASS COMPANY 


Pittsburgh, P: 


PittsBuRGH PAINTS 


PAINTS @ GLASS © CHEMICALS © GRUSHES © PLASTICS @ FIBER GLASS 
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You have to expect some erasures here and there 
on your drawings. But watch out! When those 
drawings get to the blueprint stage, lines can become 
weak and washed out... just ghosts of their 

former selves. 

That’s why Arkwright Tracing Cloth is preferred 
by so many architects, engineers and draftsmen. 
Arkwright is especially treated to take all the erasing 
you'll normally ever give it . . . and still provide 
good, clear blueprints. 

Arkwright supplies a perfect working surface... 
free of heavy threads, pinholes and other imperfec- 
tions. And Arkwright defies old age, too. Edges 
never get ragged; drawings never turn yellow 
or brittle. They retain their transparency, year 
after year — giving you the permanency you want. 

Here’s a fair offer. At our expense, accept a free 
sample of Arkwright Tracing 
Cloth. Work with it. See if 
you don’t agree that 
Arkwright has well-earned 
the title “America’s 
Standard”. Arkwright 
Finishing Co., Industrial 
Trust Building, 

Providence, R. I. 
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146 AERONAUTICAL 


513. Mechanical Engineer-—-Age 25. Broad 
experience in aviation including military and 
civilian pilot, 2,000 hours, single- and multi- 
engine, instrument and instructing experience 
Heavy experience in 4-engined DC-4 transport 
aircraft. Qualified all phases of flight operations 
and control Engineering experience in research 
and writing on propellers and propeller controls. 
Recent field service engineering experience in 
capacitance type fuel gages in combination with 
corporation pilot. Desires position with air 
frame, engine, instrument, or component manu 
facturer in flight test, operations or field engineer 
ing, or sales engineering 


512. Aeronautical Engineer—-M.S. degree. 
Age 37. Fourteen years’ experience in prelimi 
nary design, design aerodynamics, and structures 
of aircraft and guided missiles. Presently en- 
gaged as a supervisory design engineer in pre- 
liminary design analyses of guided missiles 
Present salary in excess of $8,000. Desires re 
sponsible position in or related to aircraft or mis- 
sile preliminary design or weapon-systems analy- 
sis. 


S11. Structural Engineer—Bachelor of Civil 
Engineering (magna cum laude) and Master of 
Applied Mechanics. Nine years’ original re- 
search in elastic stability, plates and shells, 
aircraft stress analysis, sandwich theory, creep, 
and high-temperature problems. Supervisory 
and high-speed digital computing experience 
Can be valuable as research engineer, stress 
analyst, structural consultant, applied mathe 
matician, or teacher. Age 29. 


510. Engineering Instructor—Ph.D. in ap 
plied mechanics (with background in A.E. & 
M.E.) Ten years’ teaching and research ex 
perience in colleges. Currently engaged in struc 
tural research in aircraft industry. Desires a 
teaching and/or research position in college 
Résumé furnished on request 


ENGINEERING REVIEW 


509. Aeronautical Engineer—B.A. and M.E 
Age 48 


dynamic research and development 


Broad professional experience in aero 
Six years’ 
teaching thermodynamics aerodynamics, and 
structures Would like position in school with 
E.C.P.D. accreditation or ¢ ivalent aim 


508. Aeronautical Engineer Pin.D. in Ap 
plied Mechanics. Age 30. Six years’ research ex 
perience in the field of hydro- and aerodynamics 
elasticity, and structure Desires a research and 
development position in the istry or research 
and/or teaching position in college Salary open 
Résumé furnished on request 


507. Professor of Aeronautics—B.S., M.S., 
and B.S.M.E. Registered Mechanical Engineer 
State of California. Two years in guided missiles 
1 year responsible position as Branch Chief 
Three years in industrial aircraft structures and 
mechanical equipment One year as Professor of 
Aeronautics in structures Four years as Associ 
ate Professor of Mechanical Engineering De 
sires permanent position in university or super- 
visory and/or research position guided missiles 
Detailed résumé sent on requ 


506. Aeronautical and Mechanical Engineer 
M.S.in M.E.; Professional Engineer Experience 
of 17!/2 years in turbojet, ram-jet, and rocket 
propulsion systems and electronic instruments 
and controls design and development; helicopter 
and propeller design; automatic pilot develop 
ments and automatic heating and machine tool 
design and development [Thirteen years acting 
in a supervisory and administrative capacity 
Over 3 years as project officer in Air Research 
and Development Command, Engineering Divi 
sion. Has security clearance rating Desires 
to utilize this experience as manufacturer's field 
or sales representative in New York and New 
England area 


STRESS ANALYSTS 


with actual aircraft stress experience 


Also AIRCRAFT ENGINEERS AND DESIGNERS 


Here's an opportunity to work in one of the most interesting and 
fastest-growing segments of the aviation field 


HELICOPTERS 


Sikorsky Aircraft—foremost designer, developer and manufacturer 
of helicopters—has recently expanded its plant (1) to increase pro- 
duction of the latest type combat-proved helicopters and (2) to 
expand its research and development program. 

Here’s your chance to work with the top men in your profession— 
men who made the first practical helicopter. 


You'll Find at 
Sikorsky Aircraft 


® a company with large and im- 
portant orders 

® an engineering staff of exception- 
ally high calibre 

® unduplicated research and testing 
facilities 
a respect for and interest in new 
ideas 


You'll Enjoy 
These Advantages 


excellent salary 
cost-of-living adjustments 
good chance for advancement 


many insurance benefits, including 
a retirement income plan 


Moving Expense Allowance 
Send resume to R. C. BANKS, Personnel Manager 


SIKORSKY 


AIRCRAFT 


Division of United Aircraft Corporation 


Bridgeport 1, Conn. 
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505. Aeronautical Engineer—Ph.D. Age 29; 
1 year’s teaching and 2 years’ industrial experi- 
ence Desires teaching position in college or uni 
versity located in the East Research opportuni 


ties preferred Field of interest aerodynamics 


and elasticity 


504. Advertising and Public Relations Man- 
ager—B.S. in Engineering/ Business Administra 
tion, MBA in Marketing. Age 33, 10 years’ pro 
gressive experience in all phases of industrial pro 
motion program planning, budgeting and ad 
ministration, agency and media liaison, space and 
promotional copy planning, writing and editing 
pamphlets and brochures, and technical publicity 
Press, industry, and Government relations Li 
censed pilot, mechanic, and radio operator with 
background in aviation equipment, radio and 
electronics and air transport Desires position 
offering greater responsibilities and opportunity 
for advancement 


503. Engineer—Me., M.S. Ten years’ ex 
perience in electromechanical and servodynamics 
fields. Presently head of Development and Re 
search Section for manufacturer of servomotors, 
gyros, and avionic systems. Desires administra 
tive position in research and development 


501. Young Electronics Management Execu- 
tive—-B.S., M.S., Offers knowledge gained as Vice 
President with experience in Government sales, 
contract administration, purchasing, production 
and engineering in the fields of electronics, rocket 
motor research, and guided missiles Reorganiza 
tion, planning, and financing experience; a search- 
ing and creative mind to generate and recognize 
ideas Locate anywhere 
000 plus 


Minimum salary $15,- 


492. Aeronautical Engineer and Technical 
Writer—M.S. in General Engineering. Over 15 
years’ diversified general and aeronautical stress 
and writing experience. Desires teaching position. 
Prefers New England or California location 


COMING IN 
DECEMBER ISSUE 


AERONAUTICAL 
ENGINEERING REVIEW 


‘“ ENGINEERING TRENDS 
OF 50 YEARS” 


A Special Issue 
Commemorating the 
SOth Anniversary of 

Powered Flight 


Advertising Forms Close November Ist 


SPACE RESERVATION ORDERS 
ACCEPTED NOW! 
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